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Abstract 
Lean Construction is regarded as an innovative approach of management for various types of 
projects in the field of construction. As much as it is currently applied in some countries, its 
expansion is inevitable, for better overall results are obtained and the projects’ objectives are 
met more precisely. Despite the fact that Lean Construction offers solutions to many problems 
occurring under the traditional management approach known as the Project Management (PM), 
the scope of its application is not as promising. Countries where Lean Construction is 
minimally applied include the United States of America and the United Kingdom besides other 
countries in Europe and Latin America. However, it is still not applied to a more exhaustive 
extent in these countries and is completely missing in many others around the world. 
This study primarily focuses on the application of Lean Construction to Infrastructure, 
specifically road projects; investigating Lean Construction solutions to the time wastes. 
Through conducting a case study research, this work focuses on investigating the impact of 
applying Last Planner System as a Lean Construction tool on the elimination of Non-Value 
Added (NVA) activities, that is, wastes in a highway project in Cairo, Egypt. This study 
includes a State of Art on both Project Management approach and Lean Construction. 
The study applies a comparative approach between the application of Project Management 
approach and Lean Construction in road projects. Hence, the researcher conducted different 
simulations of the studied road project, taking into account the two approaches (Project 
Management and Lean Construction), then obtaining the simulations results. Two parameters 
are used as comparison criteria: Percentage Plan Complete (PPC) and Percentage Activity 
Waste (PAW). The later (PAW) is a new parameter introduced by the researcher to investigate 
its results before/after applying the Lean Construction tools. 
Findings of the study support the research hypothesis that the application of Lean Construction 
approach to road projects enhances productivity through eliminating time-related wastes and 
decreasing the project duration. This research supports the argument that road projects can 
benefit greatly from the application of Lean Construction instead of the traditional approach.  
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Resumen 
Lean Construction es considerado como un enfoque innovador para la gestión de diversos tipos 
de proyectos en el campo de la construcción. Por más que se aplique actualmente en algunos 
países, su expansión es inevitable, ya que se obtienen mejores resultados generales y los 
objetivos de los proyectos se cumplen con mayor precisión. A pesar del hecho de que Lean 
Construction ofrece soluciones a muchos problemas que ocurren bajo el enfoque de 
administración tradicional conocido como Gestión de Proyectos (Project Management, PM), 
el alcance de su aplicación no es tan prometedor. Los países en los que se aplica mínimamente 
el Lean Construction son los Estados Unidos de América y el Reino Unido, además de otros 
países de Europa y América Latina. Sin embargo, todavía no se aplica de manera más 
exhaustiva en estos países y está completamente ausente en muchos otros en todo el mundo. 
Este estudio se centra principalmente en la aplicación de el Lean Construction a Infraestructura, 
específicamente en proyectos viales; Investigando soluciones de Lean Construction para los 
desperdicios del tiempo. A través de la realización de una investigación de estudio de caso, este 
trabajo se enfoca en investigar el impacto de la aplicación del Sistema Last Planner como una 
herramienta Lean Construction en la eliminación de actividades sin valor agregado (NVA), es 
decir, desechos en un proyecto vial en El Cairo, Egipto. Este estudio incluye un estado del arte 
tanto en el enfoque de gestión tradicional de proyectos Project Management como en Lean 
Construction. 
El estudio se aplica a un enfoque comparativo entre la aplicación del enfoque de el Project 
Management y el Lean Construction en proyectos viales. Por lo tanto, el investigador realizó 
diferentes simulaciones del proyecto de carretera estudiado, teniendo en cuenta los dos 
enfoques (Project Management y Lean Construction), y luego obtuvo los resultados de las 
simulaciones. Se utilizan dos parámetros como criterios de comparación: Plan de porcentaje 
completado (PPC) y Porcentaje de residuos de actividad (PAW). El último (PAW) es un nuevo 
parámetro introducido por el investigador para investigar sus resultados antes / después de 
aplicar las herramientas de el Lean Construction. 
Los hallazgos del estudio apoyan la hipótesis de la investigación de que la aplicación del 
enfoque de Lean Construction a los proyectos viales aumenta la productividad al eliminar los 
desechos relacionados con el tiempo y disminuir la duración del proyecto. Esta investigación 
apoya el argumento de que los proyectos viales pueden mejorarse en gran medida con la 
aplicación de el Lean Construction en lugar del enfoque tradicional el Project Management.
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CHAPTER 1 INTRODUCTION 
1.1 Justification of Research and the Research Problem 
Lean Construction is regarded as an innovative approach of management for various types of 
projects in the field of construction. As much as it is currently applied in some countries, its 
expansion is inevitable, for better overall results are obtained and the projects’ objectives are 
met more precisely. Countries where Lean Construction is minimally applied include the 
United States of America and the United Kingdom besides other countries in Europe and Latin 
America [245], [35]. However, it is still not applied to a more exhaustive extent in these 
countries and is completely missing in many others around the world. It is worth mentioning 
that including the Lean approach in the construction field is relatively recent, as it began in the 
90s providing opportunities for improvements in projects’ management. Despite the fact that 
Lean Construction offers solutions to many problems in the traditional management approach 
known as the Project Management (PM), the scope of its application is not as promising [139]. 
Having been applied in some instances and not in many others, it is interesting to investigate 
the reasons behind the lack of its spread. Scholars found that there are challenges that stand in 
the way of applying Lean Construction. Lack of awareness about the existence of this approach 
as well as lack of knowledge of how to properly apply it come at the top of the list of obstacles 
that hinder the application of Lean Construction. One reason that causes lack of awareness is 
the non-existent interest to change; owners, contractors and decision makers in construction 
projects reject the application of new approaches for fear of taking risks by trying innovative 
solutions [35]. 
This study primarily focuses on the application of Lean Construction to Infrastructure, 
specifically road projects. The reason for choosing to focus on road projects goes back to their 
sensitive nature. That is, road projects are regarded as the foundation on which cities are 
constructed, which makes it a crucial category to start with when applying the Lean approach. 
According to scholars [111], [223] using the traditional Project Management approach in road 
projects results in many wastes, most importantly time and cost related wastes. Hence, the 
study investigates Lean Construction solutions to the time wastes. Because of the significance 
of road projects and the advantages provided by Lean Construction, the study endeavours to 
support the argument that road projects can benefit greatly from the application of Lean 
Construction instead of the traditional approach.  
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Delays in the scheduled durations of road projects were found to be common when applying 
the traditional management approach [223]. Based on personal observation of a road project, 
applying the traditional Project Management approach resulted in time wastes that can be 
grouped in three categories. These categories are: inspection delays that are caused by factors 
such as absent or occupied consultants, lack of materials when needed due to not delivering on 
time, and lack of machinery maintenance which in many instances lead to the breakdown of 
the equipment on site.   
Having observed such problems, the application of Lean Construction to road projects becomes 
inevitable to face time related wastes. Elimination of wastes is a concept that lies in the core of 
the Lean Construction by providing various tools to get rid of the different wastes categories. 
Addressing the aforementioned wastes, Lean Construction provides three tools: Last Planner 
System (LPS), Just In Time (JIT) and Total Productive Maintenance (TPM), which are 
discussed in details later [51], [209], [57]. 
1.2 Objectives 
1.2.1 General objectives 
As previously mentioned, the main objective of the proposed research is to investigate the 
application of Lean Construction approach to infrastructure projects with a specific focus on 
road projects.  
The majority of road projects in the world in general and in Egypt in specific are developed 
using the Project Management concept as the default approach. As noted in the above-
mentioned section, the downsides of this approach affect the overall quality and delivery of the 
projects because of the wastes produced during the process.  Hence, Lean Construction, with 
the advantageous tools it provides, is put forward as a preferable approach to apply to road 
projects.  
Through conducting case study research, this study focuses on investigating the impact of 
applying Last Planner System as a Lean Construction tool on the elimination of Non-Value 
Added (NVA) activities, that is, wastes in a highway project in Cairo, Egypt.  Non-Value 
Added (NVA) activities mainly refer to the aforementioned three categories of wastes: 
inspection delays (such as absent or occupied consultants), lack of materials when needed (due 
to not delivering on time for example), and lack of machinery maintenance (causing problems 
such as the breakdown of the equipment on site). During the period from 16th of July until 15th 
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of August 2016, the PhD candidate studied a highway project in Egypt -Dahshour's Connection 
Highway- aiming at investigating how road projects work under the traditional Project 
Management approach. 
1.2.2 Specific objectives 
1) Applying Project Management (PM) into the simulation modelling of the case study: 
a) Making a conceptual model for Work Breakdown Structure (WBS); one of the most 
important tools for Project Management (PM) approach. This tool is used to 
decompose the milestones of the project to activities.  
b) Making numerical simulations to determine the impact of the percentage of time 
wasted during the project activities on the productivity percentage and activities 
duration. The percentage of time wasted refers to time wastes percentage during 
each activity divided by the total time of this activity (without the wasted time). The 
productivity percentage refers to percentage of the actual productivity during a 
week divided by the productivity planned for the same week. The main idea of using 
the percentage of time wasted is to demonstrate how the existence of wasted time 
while applying the Project Management approach negatively affects the 
productivity percentage and activities duration. Accordingly, the calculations in this 
simulation reflect the actual observations on site as recorded from the case study of 
the highway.  
2) Applying Lean Construction (LC) into the simulation modelling of the case study:  
a) Making a conceptual model for Weekly Work Planning (WWP). Weekly Work 
Planning (WWP) is used to determine the percentage of time wasted for the 
activities that took place in the week before. It is also named “Commitment 
planning”; engineers have to respond to the question of what will be done next. This 
is considered short-term planning (weekly planning). Last Planner System (LPS), 
the Lean tool under which Weekly Work Planning (WWP) falls, aims to protect 
projects from variabilities. Last Planner System (LPS) is also used to determine the 
reason behind the failure to execute the required activities. Weekly Work Planning 
(WWP) is specifically used to determine the breakdown of the activities and 
identify their wastes.  
c) Making numerical simulations to determine the impact of the percentage of time 
wasted on productivity percentage and activities duration when these parameters’ 
values change (by eliminating wastes as explained below) and measuring the results 
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of these variables. The percentage of time wasted refers to the percentage of wasted 
time during each activity divided by the total time of this activity (without the 
wasted time). The productivity percentage refers to percentage of the actual 
productivity during a week divided by the productivity planned for the same week. 
The main idea of using the percentage of time wasted is to demonstrate how the 
elimination of wasted time while applying the Lean Construction (LC) positively 
affects the productivity percentage and total project duration.  
3) Analysing the results. 
1.3 Research process 
The PhD thesis is divided into four parts as shown in Figure 1-1. The first part is the case study 
conducted: includes studying and observing a road project. From the site observation the 
problems are observed and identified. The second part includes reviewing previous studies on 
the two approaches - Project Management and Lean Construction - in general and how they 
are applied to road projects in specific. The third part is mainly concerned with conducting 
different simulations of the studied road project, taking into account the two approaches 
(Project Management and Lean Construction), then obtaining the simulations results. The last 
part includes the comparative analysis between the application of Project Management and 
Lean Construction to road projects, and putting forward recommendations for the industry and 
suggestions for future researches.  
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Figure 1- 1: PhD thesis structure 
1.4 Research hypothesis 
Based on the reviewed literature, this study hypothesizes that the application of Lean 
Construction approach to road projects enhances productivity through eliminating time-related 
wastes and decreasing the project duration. Accordingly and in light of the aforementioned 
objectives, this research targets investigating the following research hypothesis: 
- RH: The application of Lean Construction approach to road projects enhances 
productivity through eliminating time-related wastes and decreasing the project 
duration. 
1.5 Research methodology 
The study’s empirical work is done through conducting case study research through observing 
and studying a highway project in Cairo, Egypt. The main aim is to explore the main focus of 
the study; the impact of applying last planner system as a Lean Construction tool on the 
elimination of Non-Value Added (NVA) activities, that is, wastes in a highway project in Cairo, 
Egypt. In that sense the case study serves as a demonstration of the weaknesses of applying the 
Project Management approach in road projects. 
Accordingly, during the period from the 16th of July until the 15th of August 2016, the PhD 
candidate studied a highway project in Egypt -Dahshour's Connection Highway- aiming at 
investigating how road projects work under the traditional Project Management approach. 
Exploring the downsides and their potential impact on road projects was the main aim guiding 
the case study, in order to emphasize and investigate the degree of importance of Lean 
Construction (LC) application in road projects. 
Numerical simulations are carried out using the software Simio. The main aim of applying 
these simulations is conducting a comparative analysis between using Project Management 
(PM) and Lean Construction (LC) approaches in road projects. Hence, three simulations were 
conducted as follows: 
- Simulation PM-EW (Project Management Expected Wastes): Inserting the maximum 
number of assumed wastes for each sub-activity in the studied project using random 
functions (personal assumption based on site observations).  
- Simulation PM-OW (Project Management Observed Wastes): Different values for time 
wastes are introduced using random functions based on observations on site.  
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- Simulation LC (Lean Construction): Same as the previous Simulation, different values for 
time wastes using random functions based on site observations. 
The three simulations are explained in details in the Methodology chapter.  
1.6 Document structure 
This PhD thesis proposal is divided into six chapters as follows: 
 Chapter 1: Introduction; as demonstrated, includes the justification of the research, 
explanation of the research problem and how it is addressed. This chapter also includes 
the general objectives, which focus on the application of Lean Construction in road 
projects. This is followed by the specific objectives, which focus on the numerical 
simulations done to demonstrate the comparison between the results when applying 
Lean Construction versus Project Management approach into the simulation modelling. 
Then, the study’s main research question and the explanation of the studied road project 
are demonstrated by determining the project’s location, characteristics and activities.  
 Chapter 2: Literature review on Project Management (PM) approach; reviewing 
previous studies on Project Management (PM) approach. The chapter begins by 
explaining the concept of Project Management (PM) approach, listing its main 
knowledge areas and the project management process groups. Additionally, the status 
of the construction projects nowadays is overviewed in an attempt to demonstrate the 
downsides of applying Project Management. The next section sheds light specifically 
on the concept and tools of three knowledge areas relevant to the study. Lastly, previous 
studies on road projects applying the Project Management (PM) approach are reviewed. 
 Chapter 3: Literature review on Lean Construction (LC); reviewing previous studies on 
Lean Construction (LC). This chapter starts by overviewing the history of the Lean 
concept and the reasons behind its invention to provide context. This is followed by 
determining the principles of Lean Construction. A comparison between the two 
management approaches, Lean Construction and Project Management is then 
demonstrated. Then a focus on the Lean perspective on construction projects activities 
is developed followed by presenting the main Lean Construction tools. Emphasis is 
then done on two specific Lean Construction tools because of their relevance to this 
study; Last Planner System and Integrated Project Delivery System. In order to present 
an exhaustive overview, the barriers as well as benefits of Lean Construction are then 
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presented, followed by reviewing previous studies on road projects applying Lean 
Construction.   
 Chapter 4: Methodology; detailed explanation of the conducted case study including 
information about the simulations applied and the inputs data. At the beginning details 
about the studied road project are presented in order to provide the necessary context; 
the location, scheduled duration, project length, and more information related to the 
project. The main activities of the project and the obstacles observed during the site 
visits are demonstrated. The next section includes the information related to the 
conducted simulations. Under this section, the justifications of applying the different 
simulations in the study are discussed, their assumptions, the parameters used and 
identification of the inputs in each simulation. 
 Chapter 5: Results analysis; the results of the numerical simulations for each activity of 
the studied road project are presented. Then, in light of the researcher’s own 
observations and the previous studies, analysis of these results is illustrated. 
 Chapter 6: Conclusion; responding to the study’s main research question based on the 
findings analysis. Further, in this chapter the study’s limitations are presented as well 
as recommendations to the construction industry and suggestions for future research.  
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CHAPTER 2 PROJECT MANAGEMENT (PM) APPROACH 
2.1 Introduction 
In this chapter, an overview of previous studies on the Project Management (PM) approach and 
how it is applied in different construction projects is demonstrated. The chapter begins by 
explaining the PM as the traditional approach and its main pillars in general by presenting the 
PM process groups and knowledge areas. In this section, an explanation of the problems that 
face the construction industry in light of the PM application is presented. Besides, subsections 
that focus on explaining the knowledge areas relevant to this study and its main tools are 
developed. In the section that follows, details of the Project Management (PM) approach 
application on general projects sectors is analysed. Last but most important to this study is the 
section where analysis of the application of PM approach in road projects is demonstrated. The 
chapter is then brought to an end with the conclusion where the main highlights are emphasized. 
2.2 Project Management approach concept 
Any construction project can be identified as successful mainly through achieving 
improvements in the main criteria; related to cost, time and quality, in addition to effectively 
meeting the stakeholders’ requirements. Hence, turning material at hand into the required 
output and finalizing the project with the identified benefits (reducing cost, meeting 
stakeholders’ requirements, etc.) come at the top of the list to attain successful project 
management. It is essential to note that the project management success is not the same as the 
project success; as the first means the success of the “iron triangle” (which refers to cost, time 
and quality) and the second refers to the success of delivering the final result of the project. 
Corrective project planning, hiring workers with adequate skills set, and availability of 
materials and equipment are identified as important factors in order to have a successful project 
[171], [144], [169], [167], [255], [188], [122], [43], [279], [168], [8], [198], [90], [89], [55], 
[229], [178], [254], [189], [154], [184], [237], [69], [98], [177], [141], [128], [134], [295], 
[160], [246],  [10], [11], [14], [61], [97], [120], [130], [135], [195], [182], [228], [231] [276]. 
The Project Management Institute (PMI) is a non-profit institute with a main mission to set the 
requirements and procedures for managing construction projects using the PM approach. The 
PMI published the Project Management Body Of Knowledge (PMBOK) guide for the Project 
Management (PM) approach. The first copy was published in 1996, providing guidelines of 
how to attain project and project management success. This guide defines the project as a 
P a g e  | 9 
temporary attempt of a process to deliver a unique result of a product, as it has a specific 
beginning and end. The PMBOK GUIDE defines project management as phases designed to 
manage the project by using the necessary knowledge and tools to meet the project’s targets; 
the project’s success criteria. There are forty-seven project management procedures 
categorized under ten knowledge areas and five project management phases. The five project 
management phases and knowledge areas are [169], [188], [122], [43], [279], [8], [198], [55], 
[229], [178], [177], [128], [246], [233], [134], [135]: 
(1) Initiating; this entails the identification and definition of the project. 
(2) Planning; under this process phase occurs the planning of all the knowledge areas, 
which takes place before starting the execution stage. 
(3) Executing; is the execution process; the transformation of the customer’s imagination 
to real. 
(4) Monitoring and controlling; this phase controls the knowledge areas and tracks any 
changes that occur.  
(5) Closing; this is the finalizing process of the project. 
While knowledge areas are: 
(1) Project Integration Management; includes the track to determine how to define, execute, 
manage, control and close the project. 
(2) Project Scope Management; is used to include all the data to finish the project exactly 
as the customer wants and expects. 
(3) Project Time Management; is used to develop and control the project schedule. 
(4) Project Cost Management; is used to develop and control the project budget. 
(5) Project Quality Management; refers to the quality policies and objectives for the project. 
(6) Project Human Resource Management; includes the identification, organization and 
management of the team members, workers and human resources of the project. 
(7) Project Communication Management; is used to include the information about the 
communication process between the stakeholders in the project. 
(8) Project Risk Management; refers to the identification, ranking, controlling the risks in 
the project. 
(9) Project Procurement Management; includes the procedures needed to track the 
relationships with the organizations outside the project, which may include sub-
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contractors, suppliers or any other organization that delivers products to the 
construction project. 
(10) Project Stakeholder Management; includes the identification of any stakeholder who 
can affect the project directly or indirectly. It includes also the controlling process with 
the stakeholders.  
This study is mainly concerned with two knowledge areas: project time management and 
project risk management. As a matter of fact, the two areas are correlated; where risk 
management has a significant impact on time management [263], [127] [151], [23], [164], 
[287]. For instance, an error in the design phases if not detected early as a part of risk 
management can reflect during implementation causing postponements in time schedules and 
hence impacting the ability to maintain effective time management [164]. Lean Construction 
identifies projects’ risks under the category of time wastes as discussed in further details in the 
chapter on Lean Construction [127].   
Scholars state that construction projects face many problems and risks during the construction 
phases [263], [151], [23], [164], [287]. In some cases, the planning phase in the construction 
project is not realistic; that is too ambitious to be executed. This results in many problems when 
the execution phase starts while striving to develop the unrealistic set plan. As a result, conflicts 
between the project’s stakeholders arise. This sheds light on how collaboration between the 
owner and the main contractor acts as a prerequisite for efficient performance during the 
different phases of the project [263], [151], [23], [164], [287]. Being regarded as a vital 
concern, collaboration between the different project partners is one of the main issues 
addressed in this study. The reason is that such complications are potential reasons for having 
delays in schedules, which increases the total cost of projects and leads to the reduction of 
activities’ quality. In addition, incorrect risks information and poor management are also 
considered reasons behind cost overrun and schedule delays. Another factor that should be 
taken into account is the sub-contractor selection criteria; reputation, quality of work and ability 
to deliver on time should be studied early in the selection process to avoid potential risks. 
Previous studies state that the increments in projects costs and delays in schedules are common 
problems in construction projects around the world [263], [151], [176], [23], [164], [287]. As 
aforementioned, these problems in most instances lead to conflicts between the different project 
partners which may be resolved only by resorting to international arbitration and thus causing 
obstacles. One of the most common causes of cost increase and highly important to consider is 
safety risks; mainly referring to workers’ injuries. Unfortunately, this problem is highly 
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common especially in construction projects where workers are in many instances vulnerable to 
serious injuries [23]. In addition to endangering lives, these injuries can increase the project’s 
cost by as much as 15% as a result of funding the treatment of the injured [23].  
For the above-mentioned reasons, the construction industry has a negative reputation when it 
comes to project success. Nowadays, it is a target for engineers to finish the project without 
delays and within budget. Some of the reasons that cause delays in the schedule is shortage of 
information related to estimating the activity resources and duration, breakdown of machines, 
inefficient selection of sub-contractors and design change by the owner. Despite the fact that 
researchers focus on the improvement of this issue, the situation is still not good. Generally, 
changes or variations caused by one or more stakeholders are defined as a deviation from the 
scope or the schedule. Significant as it is to the success of project management, this study 
delves into the issue of variations through focusing on tools that could provide solutions to 
avoid its consequences. The PM approach lacks such tools, and hence this is further developed 
and discussed in the chapter on Lean Construction. Design changes are identified as one of the 
most significant risks factors, which might occur due to poor communication and collaboration 
between stakeholders. It may lead to increases in cost, low quality of the work accomplished, 
delays in the schedule besides decreasing the motivation of the workers. Accordingly, design 
changes increase the percentage of the activities reworked. Figure 2-1 shows some reasons of 
the design changes [115]. These reasons are based on internal criteria and external criteria. 
Internal criteria related to the use of new technology in the project can be followed by changing 
in the design for an activity. It is also related to the errors in design and changing in the project’s 
concept. Examples of external criteria include a financial crisis in the project’s country, which 
in turn affects the import of needed material. Also the laws and requirements in each country 
are external criteria that can cause design changes [192], [79], [71], [255], [231], [179], [21], 
[169], [4], [69], [184], [283], [292], [239], [220], [271], [18], [84], [200], [183], [237], [123], 
[285], [247], [160], [276], [14], [291], [19], [124], [197], [150], [122], [295], [273], [195], [43], 
[264], [126], [258], [11], [115], [185], [38], [114], [267], [189], [113], [22], [10], [58], [154], 
[182], [289], [17], [266], [178], [90], [30], [74], [75], [174], [44], [83], [99], [270], [168], [60], 
[177], [7], [229], [290].  
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Figure 2- 1: Design changes reasons [115] 
The author of this thesis has a professional experience as a site engineer working with the main 
contractor and hence personally supervised project activities such as reinforcement of steel, 
dewatering system among others in addition to finishing activities. Having worked in the 
construction stage of a residential building affiliated to an embassy in Egypt, the researcher has 
personally witnessed the occurrence of design change in the project leading to erroneous 
consequences. After pouring concrete for five columns on the ground floor of the building, the 
owner discovered that the height of the ground floor was not as high as he desired, noting that 
this step was implemented based on the set design. Consequently, the work for the project 
stopped completely for about three months due to negotiation meetings between the owner, the 
consultant and the main contractor attempting to introduce changes to the design to meet the 
owner’s expectations. This project was scheduled to finish in three years but due to many delays 
and other wastes duration was delayed for three extra years. The main contractor is an 
international company that ranked in the 13th place as best in the world during this period. 
2.3 The main knowledge areas 
In the next sections, a detailed explanation of three knowledge areas is presented, (Project Time 
Management, Project Risk Management and Project Stakeholder Management). The study is 
specifically concerned with these three knowledge areas since it focuses on providing 
recommendations for improving the total duration of construction projects. Managing and 
anticipating risks besides efficient collaboration between stakeholders are variables that relate 
to time management. Hence, eliminating waste (waste is the result of risks) from the project 
and emphasizing of the stakeholders responsibility in this task are deemed core issues in this 
study.  
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2.3.1 Project Time Management Concept  
According to scholars [189] time schedule is considered the most important factor of the “iron 
triangle” (time, cost and quality) for identifying successful projects. It is estimated to be used 
as information by the owner for the future plans.  Project Time Management is the knowledge 
area, which is responsible to estimate, develop and control the schedule of the construction 
projects. It has seven project management processes. According to scholars [233], [55], [189] 
these processes are: 
(1) Plan schedule management; includes the main information lines about the procedures, 
executing, managing and controlling of the project schedule. 
(2) Define activities; the process of determining and identifying all the activities of the 
project.  
(3) Sequence activities; determines the realistic relationships between the identified 
activities. 
(4) Estimate activity resources; identifies all the resources required to finish each activity. 
These resources include human, equipment, materials and the suppliers of these 
materials. 
(5) Estimate activity durations; determines the duration to finish each activity. This 
estimation depends on the previously estimated resources. 
(6) Develop schedule; after determining the activities, their sequences, resources and 
durations. Collect the information together and make the estimated schedule. 
(7) Control schedule; uses to manage any changes during the project construction and 
minimizes the occurrence of the risks and take corrective/preventive actions. 
 Project Time Management Tools 
The tools demonstrated in this section are displayed according to the order of processes in 
which each tool is used. Project Time Management starts by determining the lines and 
procedures for the schedule related to a project plan schedule management. Planning of the 
schedule includes the identification on how the engineers plan, and execute the duration of the 
project. The schedule of the project updates frequently as the changes take place during the 
execution of the project. The next process in time management is to determine what the 
activities are in the required project. The main tool used for the activities is the Work 
Breakdown Structure (WBS), which is one of the most important tools for Project Management 
(PM) approach. This tool is used to decompose the project’s milestones to activities. The third 
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process determines the relationship between the defined activities and their sequences. This 
process uses tool Precedence Diagramming Method (PDM). The aim of this tool is determining 
the detailed relationship between the activities. Figure 2-2 shows the explanation of this tool 
through demonstrating two main activities in the project (A & B), and four different potential 
relations between the activities: [261], [300], [233], [91], [180], [52], [32], [55]: 
(1) Finish to Start; the start of the next activity is after the finish of the first one. 
(2) Start to Start; the start of the next activity is after the start of the first one. 
(3) Finish to Finish; the finish of the next activity is after the finish of the first one. 
(4) Start to Finish; the finish of the next activity is after the start of the first one. 
 
Figure 2- 2: Precedence Diagramming Method (PDM) concept [233] 
Which relation is necessary is decided by the project planners during the planning phase 
depending on the nature of each activity and how it is related to or impact the other. For 
example, if Activity A is putting the asphalt layer, and Activity B is painting road signs on the 
ground then the relation clearly needs to be Finish to Finish. The reason for choosing this 
relation is because both activities will be done in parallel and hence saving time.  
After determining the relations between the different activities on the project, an estimation of 
the resources needed for each activity is developed. Based on this process the duration of each 
activity is also estimated. The stakeholders develop the estimation of each activity duration and 
resources. The last step in the planning process group is developing and illustrating the 
schedule of the entire project based on the information collected during the previous processes. 
Figure 4 shows the tool that is used while developing the schedule of the project. This tool - 
the Critical Path Method (CPM) – aims at setting expectations of the longest duration some 
activities may require. Morgan R. Walker and James E. Kelley Jr. developed the Critical Path 
Method (CPM) during the 1950s. According to scholars [180] this tool is considered the most 
popular tool used to manage construction projects. As shown in Figure 4, every activity in the 
project is shown on a square. This square includes data relates to “Early Start”, “Early Finish”, 
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“Late Start” and “Late Finish”. The early values are calculated in forward direction, while the 
late values are calculated in backward direction. The critical activities, displayed on the critical 
path, affect the final project duration in case of increase in their duration. This is demonstrated 
through looking at the difference in the values of the early start and late start, and those of early 
finish and late finish, which in both cases is zero. This difference between both cases (early 
and late) is commonly referred to as float (check Figure 2-3). Hence the critical path activities 
reflect the total duration of the project since they maintain a constant time plan as explained.  
According to scholars [209], [129], [50], [110], [51] there are disadvantages that emerge when 
applying the CPM:  
(1) CPM focuses on the logical dependencies between the activities and neglects the 
workflow of the project.  
(2) CPM adds time buffers between the activities to cover any constraint that can occur; 
however, this can increase the number of constraints that interrupt the workflow. 
Buffers are not needed, and this leads to converting the buffers to wastes.  
(3) CPM does not consider the project as workflow process.  
(4) CPM has no constraints expectations. 
In order to decrease the project’s duration, the Critical Path Method (CPM) advices to use crash 
or fast tracking concepts [261], [55]. Crash is defined as increasing the number of skilled 
labours on the activities that are on the critical path. However, crashing may be the reason of 
increasing both the number of risks and the project’s cost. While fast tracking is starting the 
following activity before finishing the previous one. Fast tracking increases the percentage of 
risks and increases the wastes relate to rework. One of the tools applying fast tracking is Design 
Build (DB) tool. This tool is most popularly used in construction projects in USA despite its 
failure to maintain consistent collaboration between the projects’ stakeholders, which is core 
to applying the fast tracking concept with lower risks [81]. This tool makes one contract for 
both the design and construction stages. This tool is the modification of another traditional tool, 
which is Design Bid Build (DBB). The traditional tool makes two contracts for the design and 
construction stages. Design Build (DB) and Design Bid Build (DBB) are considered project 
delivery systems, two tools are shown in Figure 2-4. Design Bid Build (DBB) is the traditional 
tool, which depends on making two contracts with the designer and the contractor. While 
Design Build (DB) depends on making one contract which includes the project’s design and 
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construction process, [180], [261], [300], [171], [52], [233], [260], [187], [163], [90], [60], 
[61], [7], [8], [92], [55]. 
 
Figure 2- 3: Critical Path Method (CPM) application [233]  
 
Figure 2- 4: Concepts of Design Build (DB) and Design Bid Build (DBB) [90] 
In order to manage the risk of delays in the Critical Path activities, engineers use what is known 
as buffering; or in other words giving a range of time to activities that might float more than 
one day. This is achieved through either Critical Chain Method (CCM) tool or Critical Chain 
Buffer management as shown Figure 2-5 [233]. The aim of the CCM tool is mainly to cover 
for any delay that occurs in any of the Critical Path activities using buffering. Using buffer 
activities on the non-critical activities. Figure 6 shows two types of buffers (1) Feeding Buffers, 
which are between the activities that are not on the Critical Path, and (2) Project Buffer, which 
are before finishing the project that is on the critical path. The Project Buffer is used to manage 
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any delay that takes place on the critical path during any period of the project. Finally, the last 
process refers to controlling the schedule. This is used to manage, control and update the 
schedule due to the occurrence of the changes during the construction project, [233], [91], [92]. 
 
Figure 2- 5: Example of the Critical Chain Method (CCM) application [233] 
2.3.2 Project Risk Management Concept  
Risk is defined as an action that leads to impacts on the project. Risk may have negative or 
positive impacts (negative impacts can be the project’s wastes result to worker injuries or 
destruction of any part of entire project) [263], [55], [125], [299], [113], [269], [301], [92], 
[180], [74], [225], [178], [159], [9], [252], [80]. Construction industry is considered one of the 
most dangerous industries. Some scholars [233], [271] stated that each risk may have more 
than one impact on the project. Examples of potential risks include exceeding the project 
budget, an accident in the project and change in design during the construction phase. As 
previously mentioned, despite the Critical Path Method (CPM) being a common tool used in 
construction projects, it fails to consider risks. Meanwhile, there is a Lean tool (Last Planner 
System) - concerned with project time management like CPM - that takes risks and time wastes 
into consideration as discussed later in the chapter on Lean Construction. Many scholars [273] 
stated that the construction project’s risks cannot be eliminated,  
Project Risk Management is the knowledge area responsible to determine how to react with the 
risks during the construction projects. This knowledge area is critical during managing any 
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construction project. According to literature [161], [159], [125], [299], [220], [269], [301], 
[233], [92], [273], [113], [80], [267], [177], [295], [279], [55], [263] the six project 
management processes are: 
(1) Plan risk management; determines the procedures of the risks in the construction 
project.  
(2) Identify risks; lists the existing risks and know their effect on the project, because these 
risks may have a negative or positive affection.  
(3) Perform qualitative risk analysis; determines the priorities of the impact of each 
identified risk and its occurrence percentages estimates if the risk has a positive or a 
negative effect on the project. 
(4) Perform quantitative risk analysis; identifies the numerical effects of each risk on the 
project. 
(5) Plan risk responses; determines the actions that take with the risks, by focusing on the 
highest priority risks.  
(6) Control risks; is used to update the cost and schedule estimation after the occurrence of 
the risks. 
 Project Risk Management Tools 
According to [233] Project Risk Management starts by planning and managing the risks’ 
strategies and procedures during a project. The risks can be seen as both threats and 
opportunities, (risks perceived as threats have a negative effect on the project while those seen 
as opportunities have a positive effect on it). The next step is identifying the risks and setting 
expectations of their potential occurrence during the project construction. Stakeholders are the 
ones in charge of developing risk identification. This step is followed by the following 
processes: (1) developing the qualitative and (2) quantitative data for the risk analysis. 
Qualitative risk analysis is used to determine the priority of each identified risk. This is carried 
out by determining the probability and impact of each risk. During the project meetings, the 
probability of occurrence of each risk is determined and the impact of each risk in the project 
is listed. The left column in Table 2-1 - Matrix of Probability and Impact of the risks - is the 
probability percentages, and the row below addresses the impact percentages. This table 
includes three risks categories, the dark blue, medium blue and the light blue are used for the 
highest, the smallest and the category with moderate risk categories. The highest risks category 
has the highest values of both the probability and impact. The next step is developing the 
quantitative risk analysis. This process in some instances is not developed as a result of the 
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ignorance of the project’s expert with the necessary data and information. In this case – if the 
quantitative data for the risks is not developed - the reliability of the project’s results decreases. 
Usually, this process is implemented for risks that are deemed significant, that is, have a strong 
(negative) impact on the project. The main purpose of performing quantitative risk analysis is 
decreasing uncertainty during the different phases of a construction project. The development 
of this type of analysis occurs through determining the most likely - high and low - values of 
the project’s estimates of cost and time [233], [271], [267], [125], [113], [161], [263], [225], 
[80]. 
Table 2- 1: Matrix of Probability and Impact of the risks [233] 
 
The determination of the important risks respones is a very critical process in planning risk 
management, because it includes how to manage these risks during the construction project life 
cycle. The last process is the controlling of the risks, which is used to manage and identify any 
risk that may take place during the construction of the project. This improves the risk 
efficiency. The four strategies for negative and positive risks are, as follows, [233], [159], [80], 
[271], [287], [161], [267]: 
(1) Avoid; this strategy proposes to eliminate the risk from the project. Unfortunately, this 
elimination may be by changing the project definition, extending the schedule, or 
increasing the project cost and the main problem is that rarely can be done. For example, 
during the execution of the project, the prices of the necessary material resources for a 
specific activity may increase and hence increase the total cost of this activity. In this 
case, the planned budget fails to meet the real conditions.  
(2) Transfer; is the strategy used to transfer the risk to another person or company. This 
strategy does not remove the risk from the project.  Collaboration can help in transfering 
the risk from one project member to another.  
(3) Mitigate; is the reducing the probability of the risk occurrence or reducing its impact 
on the project. For example, use the skilled labours in a high sensitive project (e.g. 
Nuclear projects). 
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(4) Accept; is the acceptance of the risk because the previous three strategies are failed to 
solve it. For example, accept to construct a project in earthquake areas.  
According to the four strategies for the positive risks are: 
(1) Exploit; takes benefits from the positive risks, such as using a new technology in an 
activity to reduce its duration. 
(2) Enhance; is the increasing of the probability or impact of the project, such as using 
more resources to finish an activity faster. 
(3) Share; is used to make more parties taking the advantage of the risks. For example, 
making joint venture contracts where risks could be shared between contractors.  
(4) Accept; refers to agreeing on taking  advantage of the risk since it benefits the project 
execution. For example, if the prices of the necessary materials decreased during the 
project it is in the benefit of all to take advantage of the situation.  
2.3.3 Project Stakeholder Management Concept  
A stakeholder can be defined as any entity (company or individual person) who has an affection 
or can have affection on the result of a project. Examples of stakeholders are: owner, consultant, 
general and sub-contractors, material suppliers, labors, etc. Project Stakeholder Management 
is the knowledge area responsible to identify, manage and control the stakeholders in the 
construction projects. According to scholars [94], [233], [246], [55], [43], [193], [270], [194] 
the following four project management processes are the core of this knowledge area: 
(1) Identify stakeholders; determining who the stakeholders of the project are. Stakeholders 
can have direct or indirect effect on the project. 
(2) Plan stakeholder management; determining how engage the stakeholders are during the 
duration of the project. 
(3) Manage stakeholder engagement; working with the stakeholders on determining how 
to deliver their needs to the project. The project manager tries to boost the stakeholders’ 
engagement and support to the project. 
(4) Control stakeholder engagement; controls the relationships with the stakeholders in the 
project. 
 Project Stakeholder Management Tools 
The first process in the stakeholder planning is to determine who the stakeholders are in the 
entire project. This step is the first to be developed in the Project Initiation phase; it is vital to 
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determine all the project’s stakeholders before starting the planning process group. The 
following step in this process is determining the power and interest of each stakeholder by 
using the stakeholder analysis, shown in Figure 2-6. In this figure, there is a example of some 
stakeholders, which are A,B,C,…J,K. These stakeholders have different powers and interest 
on the project. Stakeholder A has high power and interest on the project, so it is important to 
be managed carefully. In the next step – managing the stakeholders’ engagement - the 
stakeholder engagement in the project is determined by using the analytical technique. 
According to scholars [233], [267], [193], [94], [194] the engagement is based on five 
categories; they are: 
(1) Unaware; has no information about the project. For example, the police officer that has 
the project is in his region responsibility area. 
(2) Resistant; is aware of the project and against its construction. For example, the 
neighbours of project that is making noise through the nights to them.  
(3) Neutral; is aware of the project but he is not supportive or resistant to it. For example, 
the part time skilled labour.  
(4) Supportive; is aware of the project and support it. For example, the junior engineer 
working in the project. 
(5) Leading; is aware of the project and on it. This stakeholder is engaging in finalizing the 
project. For example is the project construction manager. 
 
Figure 2- 6: Application of power and interest diagram for stakeholders [233] 
In order to better manage the stakeholders’ engagement, a project manager should work with 
them to determine the best way to deliver their requirements and needs for the entire project. 
This process is essential to increase the support of the stakeholders if they are resistant or 
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neutral to the project. Finally, the last process in this knowledge area, stakeholder planning, is 
controlling the relationships with the stakeholders. The target of this step is to keep track of the 
performance of stakeholders’ involvement in the project through consistent observation of their 
relationship to the project [233], [194].  
Despite the issue of stakeholders’ involvement being emphasized under the PM approach as 
demonstrated, there still is problematic gap; lack of stakeholders’ engagement in the early 
stages of the project. This matter is addressed under Lean Construction through Integrated 
Project Delivery (IPD) system, as further explained in the specified chapter.  
2.4 Project Management approach studies 
Tables 2-2 to 2-14 summarizes the studies related to Project Management (PM) approach 
according to the country where each study was applied. The main motives of each study are 
determined. The studied project sector and the methodology used are listed. Finally, the results 
of the study are presented. 
Table 2- 2: Information of Project Management (PM) approach studies 
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Table 2- 3: Information of Project Management (PM) approach studies 
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Table 2- 4: Information of Project Management (PM) approach studies 
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Table 2- 5: Information of Project Management (PM) approach studies 
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Table 2- 6: Information of Project Management (PM) approach studies 
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Table 2- 7: Information of Project Management (PM) approach studies 
 
Table 2- 8: Information of Project Management (PM) approach studies 
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Table 2- 9: Information of Project Management (PM) approach studies 
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Table 2- 10: Information of Project Management (PM) approach studies 
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Table 2- 11: Information of Project Management (PM) approach studies 
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Table 2- 12: Information of Project Management (PM) approach studies 
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Table 2- 13: Information of Project Management (PM) approach studies 
P a g e  | 34 
 
Table 2- 14: Information of Project Management (PM) approach studies 
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2.4.1 Studies analysis 
Tables 2-15 to 2-17 and Figures 2-7 to 2-9 show the analysis of the studies reviewed; those that 
apply the Project Management (PM) approach on different project sectors. Table 2-15 and 
Figure 2-7 show the analysis of these studies based on the country where each study was 
applied. The majority of the studies analysed were applied in different countries (dispersed 
rather than concentrated in one specific country) leaving the biggest percentage (16%) under 
the category “Other”. The highest concentration in one country was found to be in Malaysia; 
where 11% of the studies applying the Project Management (PM) approach could be spotted.  
Table 2-16 and Figure 2-8 show the analysis of the studies reviewed based on the different 
project sectors. The majority of studies (51.6%) address the application of the traditional 
approach in general without mentioning a specific project sector. More than fifth (22.7%) of 
the studies analysed focus on the building projects sector. The application of PM in both road 
and infrastructure projects was found in 11% of the studies reviewed.  
Table 2-17 and Figure 2-9 show the analysis of the studies reviewed based on the methodology 
of each study. The biggest majority (44.7%) of the studies reviewed use survey questionnaire. 
This is followed by using projects’ data analysis (18.1%). It is important to mention that the 
summations in some tables exceed the number of the studies because some studies used more 
than one methodology or were applied in more than one country. For example, one study [295] 
was applied in the UK, Netherlands, USA, Germany, China and Nigeria. 
Table 2- 15: Country analysis used Project Management (PM) approach 
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Figure 2- 7: Country analysis used Project Management (PM) approach 
Table 2- 16: Project sector analysis used Project Management (PM) approach 
 
 
Figure 2- 8: Project sector analysis used Project Management (PM) approach 
Table 2- 17: Methodology analysis used Project Management (PM) approach 
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Figure 2- 9: Methodology analysis used Project Management (PM) approach 
2.5 Application of Project Management (PM) approach on road and infrastructure 
projects 
Tables 2-18 and 2-19 is summarized the studies relate to Project Management (PM) approach 
on road and infrastructure projects. This summary is based on the country of each study where 
it is applied. The main reasons of the study are determined. The studied project sector, which 
project type in the infrastructure sectors, and the methodology used are listed. Finally, the 
results of the study are presented. 
Table 2- 18: Information of Project Management (PM) approach on road and infrastructure 
projects 
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Table 2- 19: Information of Project Management (PM) approach on road and infrastructure 
projects 
 
2.5.1 Studies analysis  
Tables 2-20 to 2-22 and Figures 2-10 to 2-12 show the analysis of the literature studies applied 
by Project Management (PM) approach on road and infrastructure projects. Table 2-20 and 
Figure 2-10 are shown the analysis of these studies based on the country applied these studies. 
The majority of this list relate to Malaysia, UK and India they are by 14.3%. Table 2-21 and 
Figure 2-11 are shown the analysis of the different project sectors. The majority is the 
application of the traditional approach in road projects by 50%. The application of road projects 
is followed by the application of the traditional approach in the infrastructure sector in general 
by 42.9%. Table 2-22 and Figure 2-12 are shown the application of the methodology in the 
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studies. The majority of them is the application of questionnaire survey by 33.3%. This is 
followed by the application of both site observation and conducting interviews by 20.8% per 
each. 




Figure 2- 10: Country analysis used Project Management approach on road and infrastructure 
projects 
Table 2- 21: Project sector used Project Management approach on road and infrastructure 
projects 
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Figure 2- 11: Project sector used Project Management approach on road and infrastructure 
projects 
Table 2- 22: Methodology used Project Management approach on road and infrastructure 
projects 
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Figure 2- 12: Methodology used Project Management approach on road and infrastructure 
projects 
2.6 Conclusion 
Project Management (PM) approach focuses on analysing the risks that can take place in the 
construction projects. An example of these risks is the delay in the project duration. These risks 
are not the root of the problem, while the main issue is the huge number of different time 
wastes, eventually leading to the risks. The word waste is used in this study mainly to refer to 
delays in activities as a result of the time wasted upon the occurrence of problems which can 
be avoided with efficient management. Hence, eliminating these wastes will consequently 
eliminate the risks. The Project Management approach does provide the tools to analyse 
potential risks like project delay, however does not address the root causes of such risks; the 
time wastes. Although, scholars [233], [271] emphasize that a project will be successful by 
managing the projects' risks, still the quantitative risk analysis is rarely developed in many 
construction projects. The reason behind this is that in order to conduct such analysis, 
experience and data from previous projects is necessary, which is unfortunately not available 
in many instances. Project Management (PM) approach focuses only on the highest risk 
probability and impact, while the lower risks are neglected and ignored. These risks are ranked 
based on the project stakeholders' knowledge, which can be inaccurate in some instances. 
Additionally, the risks ranked lower in importance and potential occurrence can have higher 
impacts on the projects when they occur. In that sense, three main arguments all related to risk 
have been noted in this chapter; how the PM approaches risk analysis, time management and 
stakeholders’ collaboration.   
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The first  and most importance argument for the purpose of this study, is related to the PM not 
addressing the root causes of risks in real life projects. Scholars [263], [151], [23], [164], [287] 
agree  that, thanks to the fact that it is nearly impossible to find two similar construction 
projects, the construction industry has a higher number of risks than other industries. In 
accordance, the PMBOK GUIDE explains that every project – in any industry - has different 
nature and characteristics; for example, a music concert is defined as a project, and then if the 
music concert failed for some reason, it is superficially blamed on the high number of risks. 
However, it is important to question: is this really the case? That is, do projects fail because of 
the risks posed? What about delving deeper into the roots of the problem, or in other words, 
what causes such risks? Unfortunately, the PM does not address the roots of the problem; the 
wastes that potentially causes the risks. In our case, this refers to the time wastes potentially 
causing delays in the projects.  However, it is important to mention that some studies applying 
the PM approach investigate the root cause of delays [4], [11], [17], [18], [19], [22], [30], [38], 
[44]. Still, the industry suffers the application of this concept in real life projects. Throughout 
the chapter, it has been highlighted that risk analysis, historically, has not been properly 
implemented in the construction industry. This calls for innovative tools to go beyond the 
traditional risk analysis that anticipates its occurrence and impact without addressing its causes. 
Lean Construction comes as a provider of pioneering solutions in that sense; through 
developing tools that directly address the root causes of risks.  
The second argument is concerned with the time management tool the Project Management 
(PM) approach; Critical Path Method (CPM). This tool helps in managing risks through using 
time buffers for the different activities on the project as explained before. It is essential to 
highlight that in the planning phase risks are a possibility that might or might not occur. This 
means that introducing buffers to the different activities result in time wastes in case that the 
anticipated risks did not occur. 
The third argument is concerned with lack of stakeholders collaboration under the PM 
approach. As a result of this lack of collaboration, risk transfer is resorted to; transferring the 
responsibility of risk occurrence from one stakeholder to another. One of PM’s most popular 
tools in this area is Design Bid Build through which the owner makes two different contracts 
for the contractor and designer. In a modified version of this tool – known as Design Build – 
the owner can make one contract for both the designer and contractor attempting to transfer 
risks responsibility to the contracted entity. This means that by making one contract for the 
contractor to design and construct the project, any failure in the project will be solely blamed 
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on the contractor. But does this solve the problem? Does it achieve the aspired results at the 
end of the project? Transferring risks does not reflect neither successful project management 
nor does it result in successful projects. It is far more efficient to focus on the end result of 
having a successful project than to direct the energy towards risks transfer. Collaboration 
between project's stakeholders has essential goals in that sense, which do not include transfer 
of risks. 
Considering the presented details about the PM approach, the next chapter focuses on Lean 
Construction while presenting tools that address the aforementioned problems in a more 
efficient manner.  
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CHAPTER 3 LEAN CONSTRUCTION (LC) 
3.1 Introduction 
This chapter starts by explaining the history of the Lean concept and the reasons behind the 
invention of this relatively recent approach. The main principles of this approach are then 
demonstrated. After defining and generally overviewing LC, a comparison between the new 
(LC) and traditional approaches (PM) is presented. The chapter then delves into how LC 
defines and approaches the projects activities followed by presenting the different Lean 
Construction tools. Detailed explanation of the two most relevant tools to the main purpose 
of this study is demonstrated after; Last Planner System and Integrated Project Delivery 
System. The benefits and barriers of Lean Construction are explained in the following section 
followed by a summary of the Lean Construction application on different project sectors and 
its analysis. Lastly, an overview and analysis of the Lean Construction studies specifically 
focused on road and infrastructure projects are presented. 
3.2 Lean concept history 
Toyota Production System (TPS) invented Lean concept in Japan during 1950s after the Second 
World War to apply to the production industry at that time [230], [221], [211]. TPS was facing 
some challenges such as, the need to make variety of cars models while they had a limited 
production space so, they needed to decrease the production time and the time between cars 
with the least amount of production items. TPS invented Lean concept with two main golden 
rules: minimization in total cost and regarding workers as humans not machines. The creation 
of Lean concept became a perfect technique to be used in Japan because of scarcity of human 
resources and the strong competition in the cars market, [216], [139], [236], [245], [25], [210], 
[35], [206], [15], [16], [298], [221], [51], [268], [20], [40], [230], [39], [117], [262], [86], [211], 
[172], [152]. 
Construction projects are considered a temporary stage in the production systems. However, 
construction industry suffers from high waste percentage when compared to manufacture 
industry as shown in Figure 3-1. It can be seen there that the waste – Non-Value Added 
activities - in construction industry are more than half the project’s activities (53%). While in 
manufacture industry the added value activities are almost 90% of the total activities. It is 
essential to note that the definition of waste as addressed in this study is explained in details in 
the next section (Lean Construction activities) and that one of the main aims of Lean 
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Construction is to eliminate such waste.  Lean concept can be categorized under the following 
fields; these are Lean Production (LP), Lean services and Lean Construction (LC), which 
includes building and transportation industries as shown in Figure 3-2. The Lean concept is 
defined as the elimination and/or reduction of time waste, delivering the material on the needed 
time giving the customer the best product value. [103], [278], [139], [142], [129], [277], [236], 
[111], [121], [173] and [147]. 
 
Figure 3- 1: Comparison between Manufacture and Construction industries regards 
production and waste percentage [40] 
 
Figure 3- 2: Lean concept structure [147] 
3.3 Lean Construction activities 
Time waste in construction industry is every Non-Value Adding (NVA) activity. Construction 
projects suffer from many kind of wastes; some of these waste are unnecessary transportation, 
inefficiency in using human resources and the inventories of the materials. According to [1], 
Non-Value Adding (NVA) activities (which are wastes) could occupy 66% of the labours 
performance. Eliminating these wastes impacts the project’s cost and duration positively. 
According to scholars [272], [45], [245], [1], [65], [262], [104] and [223] considering the 
construction activities as “Flow processes” rather than “Conversion process”, could improve 
the wastes elimination process. 
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According to [40], [64], [100], [272] waste can be determined under four following categories:  
(1) Defects and Controls.  
(2) Utilization of resources; these two categories (1) Defects and Controls and (2)  
Utilization of resources; represent 10% of the total production cost [100].  
(3) Health and safety; this category represents 12% of total production cost.  
(4) System and Structures; this category represents 5% of total production cost. While 
it was determined that in general, wastes represent between 30% and 55% of the 
total construction project’s costs [100].  
In another categorization [105], wastes were identified to be under three categories:  
(1) Muda; which means Non-Value Adding activities.  
(2) Muri; which means overwhelm. This category of wastes refers to overloading the 
workers or machines, which can lead to machine’s breakdown or bad quality in an 
activity.  
(3) Mura; which means variability and refers to the occurrence of variations in the 
activities.  
Toyota Production System (TPS) listed seven general wastes and added the eighth waste later, 
as shown in Table 3-1. These wastes are: (1) Overproduction. (2) Waiting. (3) Transportation. 
(4) Rework. (5) Inventory. (6) Unnecessary motion. (7) Processing and (8) Unused talented 
workers. The explanation of these wastes is summarized in the table below after reviewing how 
different scholars demonstrate the idea, [39], [72], [272], [248], [57], [15], [250], [59], [139], 
[66], [25], [16], [245], [211], [121], [20], [51], [70], [40], [221], [201], [170], [190], [242], 
[56], [152], [240], [249], [265], [119].  
Construction projects activities were identified to be three main types, [33], [147], [87] and 
[112]:  
(1) Essential Non-Value Adding activities (ENVA); these activities do not add value to the 
project and cannot be eliminated. An example is machines maintenance; despite the fact 
that this activity does not add direct value to the project, it is still essential to maintain the 
work flow and avoid potential delays. Accordingly, this type of activities need to be done 
efficiently not to affect productivity. Back to the example of the machines maintenance, 
this means carry out maintenance when the machine is not needed on site. 
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(2) Non-Value Adding activities (NVA); these activities also do not add value to the project, 
but they should be eliminated as they are considered to be wastes. For example, this applies 
in a situation such as having skilled labour waiting for the shop-drawing being modified 
after introducing design changes. This results in time and cost waste and can be eliminated 
by thorough planning and efficient management. 
(3) Value Adding activities (VA); these activities are the only activities that add value to the 
project. This mainly refers to all the activities on the project necessary to reach the aspired 
final product. In road projects for instance this applies to sub-base layer excavation, filling 
with aggregate, putting asphalt layer, etc.  
Table 3- 1: Lean concept wastes [245]  
 
3.4 Lean Construction principles  
According to scholars [275], [131], [245], [238], [104] the main rules of the Lean concept are: 
(1) Continuous improvement and (2) Respect for the workers. Lean concept applies the 
continuous improvement by involving all the project members during the early stage of the 
project. This continuous improvement is based on five principles (explained below) and the 
challenge is to apply these principles correctly to achieve benefits in the construction project 
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activities'. It is regarded as a challenge because every construction project is unique and 
different from other project.  
The five principles are identified with the suggested actions for each principle as shown in 
Figure 3-3. These principles have been repeatedly demonstrated and explained by scholars 
investigating Lean Construction as follows [238], [190], [25], [248], [6], [20], [206], [142], 
[210], [181], [139], [49], [221], [173], [211], [172], [236], [294], [51], [230], [46], [112], [165], 
[191], [152], [70], [105], [166], [147], [5], [34], [72], [175], [223], [213], [240], [249], [265]: 
(1) Value; refers to determining the need of the project. This principle should be identified 
correctly in the early stage of the project. It considers an important principle because it is 
the starting point.  
(2) Value Stream; refers to determining the current process of the project. This principle is the 
benchmark to identify the wastes and determine the ways to eliminate them.  
(3) Flow; is the principle through which the wastes are eliminated. The aim of this principle is 
to make sure that the information flows efficiently (in the design stage).  During the 
application of this principle, it is essential for those in charge to be involved to ease the 
elimination of the wastes.  
(4) Pull; this principle aims to deliver the material to the construction project on time [34], 
[51], [70], [112], [105]. The importance of this principle lies in its tool (Just In Time JIT 
which explained later), which minimizes the inventories. 
(5) Perfection/Continuous improvement; is the continuous improvement of the previous four 
principles during the construction stage of the project.  
 
Figure 3- 3: Lean concept principles [230] 
According to scholars [39], [268], [274], [282], [6], [211], [230], [181], [298], [117], [221], 
[13], [121], [166], [5] Lean concept is based on the following twelve laws: 
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(1) Reducing the rework activities.  
(2) Eliminating of Non-Value Adding (NVA) activities.  
(3) Reducing the waiting times.  
(4) Reducing the wastes resulting from materials and energy.  
(5) Clearly identifying the customer’s value and the process through which this value will be 
delivered.  
(6) Working on the Value Adding (VA) activities smoothly without interruptions.  
(7) Applying the Pull concept.  
(8) Applying the continuous improvement concept.  
(9) Reducing variability; unplanned changes that occur during the execution of the project such 
as design changes.  
(10) Increasing flexibility; smoothly moving from one activity to the following one in a steady 
flow without delays.  
(11) Working in teams.  
(12) Improvement in transparency.  
The variability is a main problem in the construction projects; mainly because variability 
decreases the productivity and the motivation of the labours consequently. The variability in 
construction industry differs from that in the manufacture industry. Lean Construction focuses 
on preventing the occurrence of variability during the project by identifying the wastes and 
finding ways to eliminate them, which improves the workflow reliability. And hence, this 
fosters stakeholders’ collaborations by boosting their trust in the attainability of the project’s 
results. Two factors that affect each other are the workflow and labour efficiency in 
accomplishing activities. Sticking to a well-defined work plan is the key to more efficient 
labour work, that is, reducing the variability in the activities labour is required to accomplish 
leads to better results. This in turn reflects on the workflow in the same manner. Decreasing 
the variability in these two factors reflects a more reliable plan targeting to finish the 
construction project on time. [281], [262], [253]. 
Lean concept can be considered as a group of tools used to reduce and eliminate waste and to 
increase the production efficiency. By applying Lean tools, the productivity increases, while 
decreasing defects and inventories. Its principles help to reduce the defects by choosing the 
best general contractor with the most adequate resources and good experience in managing 
projects. The foundation of Lean concept is that every task should add value to the project. The 
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logic behind Lean concept is to give the client the best product they need; in this case the final 
results of the project as expected. 
Lean concept is not just a group of tools and techniques, it is a different "way of thinking", 
[104]. All project members should understand this new approach to reach improvement in the 
construction project. The fifth principle of Lean concept (which is perfection/continuous 
improvement) depends on the concept Plan, Do, Check and Act (PDCA), is based on the 
following steps [72], [296], [104], [298] and [140]:  
(1) Plan; identification of the current situation or problem and the planning is done to solve 
this situation.  
(2) Do; the planed situation took place.  
(3) Check; determine if this planned situation achieved the expected results.  
(4) Act; determine the results and make recommendations for the next PDCA. 
Table 3-2 shows some benefits that can be reached after the correct application of the three 
perspectives. The Project Management (PM) approach mainly focuses on one perspective, the 
Transformation, while Lean concept uses the three perspectives. The most important benefit of 
Transformation is the right breakdown of the activities. While the most important benefit for 
Flow is the decrease of the variability. The last perspective gives the customer what he needs 
by reaching his requirements, [223]. 
Table 3- 2: Transformation, Flow and Value (TFV) benefits [223] 
 
Lean Construction (LC) uses planning to determine the factors and processes necessary to 
finalize the project, in addition to applying consistent continuous evaluation throughout the 
implementation process to finalize the project tasks according to the expected estimations 
[145]. Lean concept merges the three following perspectives; Transformation, Flow and Value, 
(TFV). Table 3-3 shows the concepts, main principles and the contributions of each 
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perspective. According to scholars [131], [59], [242], [156], [103], [66], [162], [105], [40], 
[147], [222], [215] and [257] the perspectives can be explained as follows;  
(1) Transformation: refers to converting the project concept to real building through different 
activities, which meets the customer’s needs. Its main goal is to do the work with more 
efficiency.  
(2) Flow: refers to collecting all the needed items to finish an activity while eliminating the 
Non-Value Adding (NVA) activities. For example, to make the design process, gathering 
all data and information is needed to finish this step. Figure 3-4 shows the seven flows 
needed to finalize a construction activity. To finish an activity, this requires using the 
approved design based on the customer needs with the qualified and professional workers, 
who use the required equipment and materials in the construction project site. This is also 
required the qualified workers and the working area for this activity. The other activities, 
predecessors and successors, are important to determine their relations with this activity. 
Lastly, the external factors are also needed to be observed because they can affect, 
positively or negatively, the required activity. 
(3) Value: determining and identifying the Value Adding activities that will take place to 
finalize the activity with the best possible value. 
Table 3- 3: Transformation, Flow and Value (TFV) concept, principle and contribution [40] 
 
 
Figure 3- 4: The seven flows needed for a construction activity [131] 
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Glenn Ballard in the year 2000 was the first to introduce the concept of Lean Project Delivery 
System (LPDS) for the project management [244]. Lean Project Delivery System (LPDS) is 
the combination of Lean principles and Lean tools. This system is used to increase the labour 
productivity, elimination of waste and improvement of the work efficiency.  
Lean Project Delivery System (LPDS) is based on two questions: first what needs to be done 
and second who will be responsible for every task in the project. The second question – related 
to assigning responsibilities for every task - is not applied in the traditional project management 
approach. According to scholars [244], [230], [59], [156], [39], [15], [16], [117], [136], [152], 
[223], [265] the main characteristics of Lean Project Delivery System (LPDS) are:  
(1) The managing and structuring for the project based on a value generating process.  
(2) The stakeholders are participated in the early project stage.  
(3) Pull technique is used with stakeholders.  
The five phases can be explained as follows [244], [230], [59], [156], [39], [15], [16], [117], 
[136], [152], [223], [265]:  
(1) Project definition, to determine the need and the characteristics of the project.  
(2) Lean design; include the detailed information about the design of the project based on its 
concept.  
(3) Lean supply; the information about fabrication components of materials will be delivered 
based on the previous designs. 
(4) Lean assembly; in this phase the detailed information about construction activities will be 
determined.  
(5) Lean use; includes the information about maintenance, operation and decommissioning. 
During every phase, the work structuring and production control is applied. Work 
structuring allows engineers to breakdown the activities into smaller sub-activities, while 
production control allows them to control the plans in case any uncertainties occur. 
 
Some scholars [223], [48], [244], [54], [12], [15] present Lean Project Delivery System (LPDS) 
on 13 modules and 5 phases (which are Project definition, Lean design, Lean supply, Lean 
assembly and Lean use) as shown in Figure 3-5. These modules start by stating the purpose or 
the concept of the project. This follows by the design’s steps, which are the criteria of the 
design and its idea until conducting the final project design. These modules fall under two 
phases: project definition and lean design. Lean supply interconnects with lean design in the 
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product design, and then there is the detailed engineering. Lean supply interconnects with lean 
assembly through the fabrication module. The next module is the installation. Lean use 
interconnects with lean assembly with commissioning. The maintenance and decommissioning 
are the last modules on lean use. Finally, LPDS ends with Production control and work 
structure.  
 Figure 3- 5: Lean Project Delivery System (LPDS) [223] 
3.5 Comparison between Lean Construction and Project Management approach 
The differences between Lean Construction (LC) and Project Management (PM) approach can 
be explained through the following points according to scholars [265], [191] and [152]:  
(1) LC use the concept of pull (e.g., delivering the material on time), while PM use the concept 
of push (e.g., delivering the material based on the expected duration).  
(2) LC is used to reduce the projects’ variations during the early stages, while in PM variations 
are not mentioned.  
(3) LC is used to expect the wastes before their occurrence, while in PM the actions are taken 
after the occurrence of problems. 
(4) The main aim of LC is to improve the value of the whole process, while PM works on each 
activity individually. 
Table 3-4 shows a general comparison between Project Management (PM) approach and Lean 
Construction (LC). The main difference between the two concepts is that Lean Construction 
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(LC) uses the three perspectives of Transformation, Flow and Value (TFV). Another important 
difference is that the stakeholders are not involved in the early project stage in the traditional 
approach unlike Lean Construction. In order to apply Lean Project Delivery System (LPDS) in 
construction projects, there are some requirements that need to be met first. According to [223], 
[131] and [298] these requirements are:  
(1) The project engineers should manage and execute, as a team, the Value Adding activities 
according to the quality and owner needs.  
(2) Involve the stakeholders in the early stage of the project.  
(3) Understand the activities to be executed.  
(4) Focusing on making the workflow reliable instead of focusing on increasing the 
productivity.  
(5) Instead of focusing on the flow of materials and information, apply the pull concept.  
(6) Maintain the feedback between stages to have organizational learning. 
Table 3- 4: Comparison between Project Management (PM) approach and Lean Construction 
(LC) [223] 
 
3.6 Lean Construction tools  
Lean Production used some tools to achieve improvement in work; some of these tools are 
suitable to be applied to the construction industry, while others are not. Lean Construction tools 
improve in the project duration, productivity and total cost. The successful application of Lean 
concept in construction industry cannot take place without applying and adapting these tools 
together [1], [3], [24], [29], [39], [47], [131].  
Some of the main Lean Construction tools are:  
(1) 5S and 6S; is a housekeeping tool, which refers to five Japanese words Seiri (means 
Sort), Seiso (means Straighten), Seiton (means Shine), Seiketsu (means Standardize) 
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and Shitsuke (means Sustain) and according to scholars [162] 5S is newly added with 
the sixth “S”, which refers to Safety. This concept is applied widely in construction 
projects. To have a correct application of 5S/6S, is required support from the top 
management. The application of 5S/6S increase the quality, productivity and the works 
finish within the expected date. This tool reduces the wastes in time [15], [25], [24], 
[27], [29], [39], [40], [47], [51], [57], [59], [66], [73], [86], [88], [104], [147], [152], 
[162], [173], [191], [206], [221], [223], [230], [240], [245], [250], [256], [265], [289], 
[293], [297].  
(2) Six Sigma; is used to improve the quality by removing the defects and reducing the 
variability. The merging between Lean principle and this tool leads to waste 
elimination [15], [29], [59], [68], [73], [78], [88], [149], [173], [196], [206], [230], 
[240], [245], [250].  
(3) Kaizen; is a Japanese word referring to the tool used to improve quality by removing 
waste from the second principle, which is value stream. This tool is used to improve 
the project activities' efficiency with more safety and in less time. It includes three 
phases: (a) Phases 1; Lean training, illustrating a work map, identifying the areas which 
need improvements and determining the best solution to be applied. (b) Phase 2; 
applying the improvements in the required areas and documenting the performance of 
these improvements after application. (c) Phase 3; presenting the results. This tool 
maintains the application of the Lean principle Continuous Improvement [27], [51], 
[59], [73], [78], [147], [149], [172], [202], [206], [221], [223], [230], [240], [245], 
[250], [256], [298].  
(4) Last Planner System (LPS); is used to improve the workflow for the activities and 
reduce the wastes. This tools consists of five main steps, which are Master Plan, Phase 
Planning, Look-Ahead Planning, Make Ready Process and Weekly Work Planning [3], 
[25], [24], [27], [29], [39], [40], [47], [51], [59], [65], [66], [73], [86], [88], [127], 
[131], [147], [152], [162], [172], [173], [191], [196], [199], [206], [211], [221], [223], 
[230], [240], [242], [259], [265], [268], [280], [296], [297], [298].  
(5) Poka-Yoke; is a Japanese word, which means Error Proofing, referring to the tool used 
to detect the errors and prevent their occurrence [25], [27], [40], [51], [66], [73], [173], 
[206], [221], [240], [250], [256]. Different applications for this tool include checking 
material quality such as that of the asphalt making sure that the main component exists 
with the necessary percentage. Not less, nor more. 
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(6) First Run Studies; tool which is used to redesign the critical activities with the attempt 
to discover different manners in which the activity could be accomplished. This tool is 
applied two weeks before the execution week [24], [27], [51], [65], [66], [73], [86], 
[88], [152], [173], [191], [206], [221], [240],  
(7) Total Productive Maintenance (TPM); used to carry out “preventive” maintenance to 
the machines in order to improve their efficiency and put them to use according to their 
maximum potential. This occurs by enabling operators to sustain their machines [15], 
[57], [73], [78], [104], [173], [206], [240], [256], [298].  
(8) Integrated Project Delivery (IPD) system; a new delivery system mainly concerned 
with involving the project’s stakeholders in the early project stage, which improves 
communication between the project’s members [24], [66], [86], [131], [152], [191], 
[206], [211], [221], [223], [230], [265], . 
(9) Visual Management (VM); to increase efficiency by using visual tools; use of visual 
control boards in the construction projects. On these boards, the projects’ information 
can be easily shared. These boards may include information about safety requirements, 
schedule updates and quality information for the construction project activities [3], 
[27], [33], [40], [51], [65], [66], [73], [152], [162], [173], [191], [206], [223], [245], 
[265], [297], [298]. 
(10) 5 Whys; to improve the quality in the project by frequently asking five why questions 
until the engineers have answers to remove any problem that might occur by 
understanding the “root causes” and eliminate them. [27], [40], [59], [73], [206], [221], 
[230], [240], .  
(11) Just In Time (JIT) is a tool mainly used to apply the pull principle; it is responsible 
for ensuring having the data, tasks or orders exactly when needed. In other words, the 
right information becomes available in the right place, the moment it is needed. This 
tool is used to reduce the inventories and handling and is one of the most important 
Lean concept tools [1], [3], [15], [24], [25], [26], [34], [39], [51], [57], [59], [66], [73], 
[86], [88], [104], [127], [131], [147], [152], [162], [172], [173], [191], [196], [206], 
[211], [221], [230], [240], [245], [265], [268], [289], [297], [298].  
(12) Value Stream Mapping (VSM); is a tool used to improve the flow of the process and 
the identification of the project wastes. It mainly entails the determination of the 
production chain by creating the Current State Map that includes Value Adding (VA) 
and Non-Value Adding (NVA) activities, then determining and removing the wastes 
and finally applying the Future State Map after introducing the improvements. By 
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using this tool, the Value Adding (VA) activities and Non-Value Adding (NVA) 
activities are easily determined then the Non-Value Adding (NVA) activities, which 
are considered wastes, are eliminated [1], [24], [25], [27], [39], [40], [47], [51], [57], 
[59], [66], [73], [78], [147], [152], [191], [196], [199], [204], [206], [212], [221], [223], 
[227], [230], [240], [245], [250], [259], [265], [293], [296], [297], [298]. 
In the next two sections, there is a detailed explanation of two Lean Construction (LC) tools, 
Last Planner System (LPS) and Integrated Project Delivery (IPD) system. The application of 
Lean Construction (LC) requires the right merging between different Lean tools that lead to 
success of the project. Since this study focuses on decreasing the duration of construction 
projects, it is considered essential to go further in depth into these two Lean tools. LPS is the 
Lean tool mainly concerned with time management or schedule planning, and IPD is the tool 
concerned with fostering collaboration between the stakeholders. As previously discussed, the 
two variables are interdependent. In accordance, the application of LPS mainly depends on 
efficient collaboration between stakeholders. Hence, by applying Last Planner System (LPS) 
with Integrated Project Delivery (IPD) system, this eventually decreases the duration of the 
project.  
3.6.1 Last Planner System (LPS) 
Ballard and Howell proposed Last Planner System (LPS) in 1992 [217], which is based on the 
following five general ideas acknowledged by many scholars; [234], [5], [108], [217], [65], 
[145], [222], [251], [76], [140], [240], [157]: 
(1) Make sure that as the execution week of the working activity gets closer, enough 
information about its details is available. 
(2) Make sure that those who are doing the activity’s planning will execute it.  
(3) Determine the constraints (or risks) that should be removed from the activity.  
(4) Ensure that the plan developed by the engineers is reliable and accurate.  
(5) Learn from the failure that occurred in the past to avoid repeating mistakes.  
According to scholars [217], [85], [66], [219], [53], [284], [109], [131], [81], [116], [105], [5], 
[251], [119], [265], [107], [143], [63], [76], [96], [102], [205], [2], [153], [145], [41] and [249] 
Last Planner System (LPS) can be illustrated through the following six processes:: 
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(1) Master plan or Milestone planning, which entails the milestones of the project. It is an 
Initial long-term planning used to identify the milestones of the project and the general 
information. 
(2) Collaborative programming or Phase planning, which addresses the collaboration of 
all the project’s stakeholders in the early project stage.  
(3) Look-Ahead planning, which includes the breakdown of activities into more detailed 
information and identifying and removing the wastes. It is a medium-term planning 
and identifies the tasks of the project with more details. This process is used to 
determine the availability of the different resources. It usually takes place three to six 
weeks before the execution week. Two concepts are part of this process; the Screening 
and Pulling concepts. The Screening concept is used to identify the constraints in the 
tasks before starting to work on them. While the Pulling concept is used to eliminate 
these constraints. Project Management approach (PM) introduces master plan to 
determine what should be done, while Lean Construction’s tool, Last Planner System 
(LPS), introduces project details until lower levels of decomposition on the required 
project activities (Weekly Work Plan, WWP explained below in step 5). This step is 
shown in Figure 3-6. Look-Ahead planning steps include:  
a) Determining the activities, which are expected to be finished in the next few weeks.  
b) Making sure that these activities will be finished in the expected duration with the 
required resources.  
c) Determining if there is any activity with potential delays. 
d) Identifying any activity which might finish before its planned duration. In general, 
Last Planner System (LPS) improves the project performance, reduces the wastes 
and decreases the construction project's cost in contrast to the traditional 
management approach. 
(4) Make ready process, which aims to identify and remove the wastes from the activities 
to prepare them for execution.  
(5) Production planning and evaluation or Weekly Work Planning (WWP), is the stage in 
which the Percentage of Plan Complete (PPC) of the activities which took place in the 
previous week is calculated. As shown in Equation 1 below, PPC is calculated by 
dividing the total number of activities completed by the total number of planned 
activities [217]. WWP is also named “Commitment planning”, in the level in which 
the engineers have to answer to the question of what will be done in the following 
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week. This level is considered short-term planning (weekly planning). WWP aims to 
protect projects from variabilities and as the PPC increases; this means the reliability 
increases. Weekly Work Planning (WWP) is also used to determine the reason of the 
failure of non-complete activities. The PPC parameter is used to measure the rate of 
non- compliance; as the percentage of PPC decreases, the project’s reliability 
decreases. Some scholars [107], [217] found that there is a positive correlation between 
Percentage Plan Complete (PPC) and factors such as workers productivity, involving 
of Last Planner (LP) in the decision-making meetings, elimination of the reasons of 
the constraints occurrence.  
Equation 1: 𝑃𝑃𝐶 =
    
    
× 100% 
(6) First run studies, is used to understand the construction process before starting the 
execution process. It focuses on understanding the critical activities and finding ways 
to improve them, as shown in Figure 14. This figure presents the explained steps of the 
Last Planner System (LPS). 
 
Figure 3- 6: Look-Ahead planning in LPS [105] 
Last Planner System (LPS) helps in managing the project by using the concepts SHOULD-
CAN-WILL-DO. Figures 3-7 & 3-8 demonstrates the concept of Last Planner System (LPS) 
in details. As demonstrated in the figures, the very beginning of any project is its main idea, 
which is then broken down to activities that are planned for based on a specified time schedule 
throughout the stages shown. LPS uses information about the main idea of the project as input 
data, based on which the activities planning process is developed, resulting in the activities 
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schedule as the output. This output displays which activities SHOULD be done to achieve the 
aspired results in the project. Having determined that, the project team then need to answer the 
question: CAN the required activities be done? Responding affirmatively to that question does 
not mean that the activity is wastes free, however it means that it is achievable. In other words, 
the activities that should be done are turned to activities that can be done –are attainable- based 
the scheduled time for each activity’s execution. The next stage is what activities WILL be 
done. In order to reach this conclusion, potential wastes for each activity are estimated to put 
expectations based on which the roots cause of such potential wastes are treated. Accordingly, 
the possibility of wastes occurrence becomes eliminated paving the way for a more efficient 
execution of the activities. Using the resources necessary, the activities are then executed. 
Having done that, the finished project activities become in the ‘DID’ phase. The PPC values 
are calculated for such activities in this stage to give an estimate of the efficiency of each 
activity. High PPC values signifies better results in terms of efficiency. In case of low PPC 
values the reasons are analysed creating a learning experience for future implementation [284], 
[25], [136], [39], [48], [62], [251], [95]. 
 
Figure 3- 7: Last Planner System (LPS) [217] 
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Figure 3- 8: Last Planner System (LPS) concept [251] 
Last Planner System (LPS) is considered as a trademark of the Lean Construction Institute 
(LCI) [217]. According to scholars [209], [129], [50], [110], [51] Last Planner System (LPS) 
is explained as a tool that solves some issues related to the project’s uncertainty/constraints and 
also the project’s complexity, while improving the project’s reliability and expectations. This 
is applied by mainly involving the project’s stakeholders in the early project phases. Last 
Planner (LP) is the person/team, who is responsible to determine how to produce the output 
(which is the finishing of the project). 
3.6.2 Integrated Project Delivery system (IPD) 
Integrated Project Delivery system (IPD) is defined as a deliver system mainly concerned with 
involving the project’s stakeholders in the early project stage, which improves communication 
between the project’s members. The American Institute of Architects (AIA) defines [152], 
Integrated Project Delivery system (IPD) as “a project delivery approach that integrates people, 
systems, business structures and practices into a process that collaboratively harnesses the 
talents and insights of all participants to optimize project results, increase value to the owner, 
reduce waste and minimize efficiency through all phase of design, fabrication and 
construction”, [86], [232], [82], [6], [156], [224], [208], [118], [133], [101], [137], [186], [235]. 
According to scholars [138], [224], [155], [232], [156], [101], [118], [221], [86], [37], [235] 
Integrated Project Delivery System (IPD) was identified to have some general laws:  
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(1) Early involvement of the stakeholders and improvement of the collaboration.  
(2) Sharing the risks and the profit.  
(3) Early determination of the goal early.  
(4) Open communication.  
(5) Multiparty contract.  
(6) High respect and reliable.  
(7) Agreements from different stakeholders.  
(8) Early goal definition.  
(9) Using advanced and updated communications and technologies. 
Figure 3-9 shows a comparison between traditional project delivery and IPD. This comparison 
focuses on the involvement period of different project stakeholders. Applying Integrated 
Project Delivery system (IPD), the involvement of stakeholders takes place in the early stage 
of the project, in contrast to the traditional project delivery.  
Figure 3-10 shows the comparison between Design-Bid-Build (DBB), Design-Build (DB) and 
Integrated Project Delivery (IPD) system. This comparison focuses on the percentage of the 
design finished during the involvement of stakeholders. In the Design-Bid-Build (DBB), the 
project's owner (client) makes the contract with the general contractor after finalizing the 
design by 100% the client makes another contract with the. While in Design-Build (DB), the 
client makes the contract with the general contract after 20% of the design is finished. By using 
Integrated Project Delivery system (IPD), all the stakeholders are involved in all the project 
stages, including before starting the design phase. Using Integrated Project Delivery system 
(IPD) reduces the projects' cost and ensures having higher quality in shorter duration, [186], 
[81].  
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Figure 3- 9: Collaborations in traditional project delivery and IPD [186] 
 
Figure 3- 10: Comparison between Design-Bid-Build (DBB), Design-Build (DB) and 
Integrated Project Delivery (IPD) system [81] 
According to scholars [102], [230], [133], [143], [53], [157], [37] Integrated Project Delivery 
(IPD) integrates all the project members in the construction project from the design stage until 
the end of the construction stage. By the integration the communication between project 
stakeholders improves, the risks are shared and the trust between project stakeholders takes 
place. Moreover, it is found that the presence of collaboration problems leads to lower 
productivity. Integrated Project Delivery (IPD) is a perfect Lean tool due to the involving the 
project’s stakeholders in the early stages so the risks and profit are shared. 
Integrated Project Delivery system (IPD) was found to decrease the changes in project designs 
in comparison to the Design-Bid-Build (DBB), Design-Build (DB) [81]. By using IPD, some 
general risks can be identified and reduced. By using Integrated Project Delivery system (IPD), 
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the total cost in construction projects is reduced. Through the application of Integrated Project 
Delivery system (IPD) the schedule will be met and the owner will be satisfied by the project’s 
final result [105], [158], [81].  
3.7 Lean Construction benefits and barriers  
Lean concept improves the performance of Value Adding activities and elimination the wastes. 
Many previous studies present the benefits, which took place after the application of Lean 
Construction tools. Based on previous studies [265], [31], [112], [119], [117], [108], [87] the 
application of Lean Construction (LC) led to enhancements in different areas: 
(1) Reducing the total cost of the project and final duration by eliminating waste. 
(2) Enhancing the quality of the activities by reducing the rework activities. 
(3) Positively impacting the environment by reducing CO2 emission from the machines. 
Many studies explained more benefits behind the invention new Lean concept. The following 
list illustrates the main targets of Lean Construction (LC), which represent its strength areas, 
[146], [238], [250],  [72], [242], [298], [34], [20], [147], [201], [118], [86], [265], [119], [227], 
[223], [243], [15], [112], [297], [73], [40], [296], [72], [3], [77], [207], [272], [70], [170], [51], 
[53], [173], [196], [172], [211], [48], [142], [221], [46], [262], [191], [166], [6], [132], [131], 
[127], [274], [240], [5], [104], [28], [100], [33], [181], [35], [66], [93], [230], [36], [286], [16], 
[294], [282], [206], [26], [1], [165], [121], [41], [56], [65], [148], [245], [213], [42], [268], 
[289], [222], [105], [88], [249], [45], [102], [24], [214], [2]:  
(1) Improves the planning of the design process. 
(2) Eliminates the "muda" (means wastes in Japanese or in other words Non-Value Adding 
activities) in the activities, which leads to reduction in the total cost of the project and 
improvement in the efficiency of resources. 
(3) Using Lean principles to eliminate the eight wastes categories after identifying them.  
(4) Delivering the customer’s value (Output) with lower cost, less materials, time, space, 
human resources and equipment (Inputs). The concept focus on delivering the customer’s 
need without inventory. 
(5) Focuses on minimizing wastes and maximizing the customer’s needs.  
(6) Lean concept on switching “muda” to value adding activities on the project. Consequently, 
production of the work increases. 
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(7) Lean concept put two main concepts for Lean. These concepts are minimization in total 
cost by minimizing the Non-Value Adding activities (activities that do not add any value 
to the project), while the second concept is improving the workers’ treatment and not 
considering them machines. 
(8) Reducing the time taken to finish the machine works and improving the quality of the 
work. 
(9) Minimizing the construction project wastes and reducing the causes of defects. 
(10) Having improvements in the main three project's factors time, quality and cost. In general, 
Lean concept focuses to improve the productivity, increase the customer’s value and 
continuous improvement. 
(11) Focusing to deliver the customer’s need without inventory. This aim later was changed; 
Lean concept was focused to minimize wastes and maximizing the customer’s needs.  
(12) Lean concept is using the Pull concept instead of Push concept, which is used by Project 
Management (PM) approach. 
(13) Improving in the working on the Essential Non-Value Adding activities, (ENVA). 
(14) Making the construction supply chain caring about their effect on the project. 
(15) Improvement of the inefficiency of the labours and materials. 
(16) Improvement in customer satisfaction 
(17) Inventories reduction. 
(18) Employee satisfaction. 
(19) Increase the construction projects' performance 
(20) Increase project's transparency. 
(21) Improvement of the concept project delivery method. 
(22) Improvement in the reliability. 
There are benefits to applying and implementing Last Planner System (LPS), [27], [251]. [286], 
[116], [106], [297], [219], [107] and [108]:  
(1) Variability reduction.  
(2) Application of pull concept. 
(3) Management of the prerequisite activities. 
(4) Increase collaboration between project stakeholders. 
(5) When the execution week comes closer, the activities are determined with more details. 
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(6) Collaboration between the engineers who will do the planning to increase the trust level 
of the engineers promises. 
(7) Determining and removing wastes takes place before execution week.  
(8) Determining the process of removing wastes and documenting the previous failures to 
maintain continuous improvement. 
(9) Improvement in Look-Ahead planning process improves the Weekly Work Plan (WWP) 
reliability.  
(10) Perfection of Weekly Work Plan (WWP) will improve the final projects duration.  
(11) Increases the construction projects' reliability and predictability. 
Although, Lean Construction has a countless number of benefits, as demonstrated, it is still not 
easy to apply this concept in construction projects. Lean Construction has also many barriers, 
which prevent its spreading globally. Some of these barriers are [243], [148], [241], [218] and 
[131], [108], [226], [103], [49], [268], [51], [245], [117], [27], [142], [298], [210], [34], [35], 
[203], [67], [152], [230], [86], [173], [294], [16], [96] and [238]:  
(1) Poor contracts between project members.  
(2) The human culture, which resists changes. 
(3) The political situation in each country.  
(4) Lack of background about the Lean concept.  
(5) The contractor is not received his monthly payment from the invoices on time.  
(6) The interest rate is high.  
(7) Lack of materials availability.  
(8) Lack of trust between project members.  
(9) Change in the design during the construction stage.  
(10) Partial or late implementation of the Lean tools (such as Last Planner System).  
(11) Confusion in the planning responsibilities.  
(12) Inaccurate expectation of the wastes.  
(13) Refusing to collaborate.  
(14) Lack of knowledge about Lean Construction 
(15) Lack of support from top management  
(16) Delaying in materials delivery. 
(17) Acceptance of the wastes that will be done. 
(18) Conflict in government policies. 
(19) Lack of interest from the client. 
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(20) Lack of detailed explanation of the project.  
(21) Corruption.  
(22) Poor communication between project members.  
(23) Leadership problems.  
(24) Problems between the project team members.  
(25) Lack of long-term vision. 
(26) Fragmentation and sub-contracting; sub-contractors sign their contracts with the 
main-contractor and not with the owner, which means that the owner does not maintain 
any influence over the sub-contractor. This can have an effect on the quality of the 
project, for instance because it becomes less binding for the sub-contractor to apply 
LC. 
(27) Financial problems; to have a successful application of Lean concept, this barrier 
should be overcome through having adequate salaries, conducting trainings for 
workers, and also have machine maintenance done on time.  
According to scholars [223], [175] some other barriers were identified during the design stage. 
These barriers have a direct impact on the Value Stream principle:  
(1) The information stuck from flowing due to the lack of the critical process.  
(2) Information stuck from flow because it cannot be identified or contradict the 
shared process.  
(3) High amount of information is created which leads to difficulty in identifying 
the accurate information.  
(4) Wrong information is created, which leads to inaccurate results. 
Another barrier for Lean Construction (LC) is “Patience”; the reason is regarded as a barrier 
is the fact that LC needs more time in the early construction projects' (such as design and 
planning), however, this will eliminate the project's changes. These changes can increase the 
final project's duration and cost, [223] and [214]. Further, based on another study [127] some 
risks are not eliminated by using Lean Construction (LC):  
(1) Variations in materials costs.  
(2) The contractor does not receive his payment on the required time.  
(3) The design are not accurate, which leads to some errors. 
(4) The delivered materials are poor in quality.  
3.8  Lean Construction studies 
P a g e  | 70 
Tables 3-5 to 3-35 summarize Lean Construction (LC) studies related to different project 
sectors. This summary is based on the country where each study is applied. The main reasons 
of the study are determined. The studied project sector and the Lean Construction tools used 
on each study are shown. The methodology used on each study are also listed. Finally, the 
results of the study are presented. 
Table 3- 5: Information of Lean Construction (LC) studies 
 
Table 3- 6: Information of Lean Construction (LC) studies 
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Table 3- 7: Information of Lean Construction (LC) studies 
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Table 3- 8: Information of Lean Construction (LC) studies 
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Table 3- 9: Information of Lean Construction (LC) studies 
P a g e  | 74 
 
Table 3- 10: Information of Lean Construction (LC) studies 
P a g e  | 75 
 
P a g e  | 76 
Table 3- 11: Information of Lean Construction (LC) studies 
 
Table 3- 12: Information of Lean Construction (LC) studies 
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Table 3- 13: Information of Lean Construction (LC) studies 
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Table 3- 14: Information of Lean Construction (LC) studies 
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Table 3- 15: Information of Lean Construction (LC) studies 
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Table 3- 16: Information of Lean Construction (LC) studies 
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Table 3- 17: Information of Lean Construction (LC) studies 
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Table 3- 18: Information of Lean Construction (LC) studies 
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Table 3- 19: Information of Lean Construction (LC) studies 
P a g e  | 84 
 
Table 3- 20: Information of Lean Construction (LC) studies 
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Table 3- 21: Information of Lean Construction (LC) studies 
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Table 3- 22: Information of Lean Construction (LC) studies 
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Table 3- 23: Information of Lean Construction (LC) studies 
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Table 3- 24: Information of Lean Construction (LC) studies 
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Table 3- 25: Information of Lean Construction (LC) studies 
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Table 3- 26: Information of Lean Construction (LC) studies 
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Table 3- 27: Information of Lean Construction (LC) studies 
P a g e  | 92 
 
Table 3- 28: Information of Lean Construction (LC) studies 
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Table 3- 29: Information of Lean Construction (LC) studies 
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Table 3- 30: Information of Lean Construction (LC) studies 
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Table 3- 31: Information of Lean Construction (LC) studies 
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Table 3- 32: Information of Lean Construction (LC) studies 
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Table 3- 33: Information of Lean Construction (LC) studies 
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Table 3- 34: Information of Lean Construction (LC) studies 
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Table 3- 35: Information of Lean Construction (LC) studies 
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3.8.1 Studies analysis 
Tables 3-36 to 3-14 and Figures 3-11 to 3-14 show the analysis of the literature studies applying 
Lean Construction (LC) on different project sectors. Table 3-36 and Figure 3-11 show the 
analysis of these studies based on the country where these studies were applied. The majority 
of this list relate to USA (20.7%). This is followed by “Other”, which has the countries that are 
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applied only once (14.5%). Table 3-37 and Figure 3-12 show the analysis of the different 
project sectors. The majority is the application of Lean Construction in general as there is no 
specific project sector mentioned (42.3%.) This is followed by the building projects(40.2%). 
The application of road projects is only 4.2% of the studies. Table 3-38 and Figure 3-13 show 
the analysis of Lean Construction tools. The majority is the application of Last Planner System 
(LPS) by 25.9%. Table 3-39 and Figure 3-14 show the application of the methodology in the 
studies. The majority of them is the application of analysing projects’ data (28.7%). 
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Figure 3- 11: Country analysis used Lean Construction (LC) 
Table 3- 37: Project sector analysis used Lean Construction (LC) 
 
 
Figure 3- 12: Project sector analysis used Lean Construction (LC) 
Table 3- 38: Studied lean tool analysis 
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Figure 3- 13: Studied lean tool analysis 
Table 3- 39: Methodology analysis used Lean Construction (LC) 
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Figure 3- 14: Methodology analysis used Lean Construction (LC) 
3.9  Application of Lean Construction on road project 
Tables 3-40 to 3-42 summarize the studies related to Lean Construction on road and 
infrastructure projects. This summary is based on the country where each study is applied. 
The main reasons of the study are determined. The studied project sector, project type and the 
Lean Construction tool used are shown. Then the methodology used are listed. Finally, the 
results of the study are presented. 
Table 3- 40: Information of Lean Construction (LC) studies on road and infrastructure 
projects 
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Table 3- 41: Information of Lean Construction (LC) studies on road and infrastructure 
projects 
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Table 3- 42: Information of Lean Construction (LC) studies on road and infrastructure 
projects 
 
3.9.1 Studies analysis 
Tables 3-42 to 3-46 and Figures 3-15 to 3-18 show the analysis of the literature studies applying 
Lean Construction (LC) on road and infrastructure projects. Table 3-42 and Figure 3-15 show 
the analysis of these studies based on the country where these studies applied. The majority of 
this list relate to USA and UK ( 23.1% each). Table 3-43 and Figure 3-16 show the analysis of 
different project sectors. The majority is the application of Lean Construction in road projects 
(56.3%). Table 3-44 and Figure 3-17 show the analysis of Lean Construction tools. The 
majority is the application of Last Planner System (LPS) and the application of Lean 
Construction without specification of the exact lean tool used (33.3% each). Table 3-44 and 
Figure 3-18 show the application of the methodology in the studies. The majority of them is 
the application of analysing projects’ data (29%). 
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Figure 3- 15: Country analysis used Lean Construction (LC) on road and infrastructure 
projects 
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Figure 3- 16: Project sector analysis used Lean Construction (LC) on road and infrastructure 
projects 
Table 3- 45: Lean tool analysis 
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Figure 3- 17: Lean tool analysis 
Table 3- 46: Methodology analysis used Lean Construction (LC) 
 
 
Figure 3- 18: Methodology analysis used Lean Construction (LC) 
3.10  Conclusion 
The invention of Lean Construction (LC) is essential because construction projects have been 
facing many problems. These problems eventually lead to an increase in the project’s total cost 
and final duration, accompanied by a decrease in the quality and productivity of the project 
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activities. Lean Construction (LC) targets to eliminate the project waste and deliver the 
maximum value to the customer with the best quality. This relatively new management concept 
requires the simultaneous use of Lean tools. Applying only one or two of these tools in the 
project means partial application of Lean Construction and may lead to the failure of the 
project. This means that if the specified Lean tools are applied to time related issues, the 
relevant Lean tools should be as well applied to all the other aspects of the project, that is, cost 
and quality. This study addresses the problem of exaggerated construction project duration 
while seeking to propose solutions that minimize the final duration and increase the 
productivity of road projects by implementing the relevant Lean tools.  
If Project Management (PM) approach is considered as an eye studying the construction project 
from a high point, then Lean Construction (LC) is regarded as an advanced lens that provide a 
far more accurate perspective. As highlighted in the conclusion of the previous chapter on PM, 
there are three essential arguments focused on in this study; risk analysis, time management 
and stakeholders’ collaboration. The PM approach does address the three issues in a project 
however still some problems persist to which solutions are provided through the LC approach 
tools. In the first argument related to risk analysis, PM does not address the root causes of risks 
in real life projects while LC targets identifying such causes to eliminate wastes or at least 
reduce their effects. In accordance, in the second argument related to time management, the 
Critical Path Method (CPM) under the PM uses buffers to address potential risks (time delays), 
while again LC addresses the roots of the problem through its LPS tool eliminating wastes. 
Finally, in the third argument related to stakeholders’ collaboration, under the PM approach 
there is a clear lack of collaboration, while the LC approach shows keenness on involving 
stakeholders from the early stages of the project.  
These arguments are further explicated in the empirical part of the study through the case study 
observed through a real life project. The methodology utilized, that is the simulation, and more 
details about the case study are demonstrated in the next chapter.  
 
  
P a g e  | 112 
CHAPTER 4 CASE STUDY 
 Introduction 
The main purpose of this chapter is to explain the case study used in this research and the 
application of the simulation used. Accordingly, the chapter begins by explaining and defining 
the studied road project; its location and characteristics. This is followed by delving into the 
project’s activities and sub-activities as observed and based on the data collected from the site. 
In addition to that, the obstacles noted during the site visits are demonstrated acting as the 
foundation based on which the different wastes are defined.  
The simulation used in this study was done by Simio Simulation; a software used as a mean to 
estimate the time durations. The different applications of this simulation are explained. The 
main target of developing such applications is to conduct a comparative analysis between using 
the PM and LC approaches in road projects with a special focus on eliminating time related 
wastes. This analysis is elaborated in the next chapter; this chapter is dedicated to explicating 
the fieldwork and methodology of the study.    
4.2 Project definition 
During the period from 16th of July until 15th of August 2016, the PhD candidate studied a 
highway project in Egypt -Dahshour's Connection Highway- aiming at measuring the real site 
ratios. It is located in a new city in Cairo called 6th of October city. It can be seen as a connection 
between the centre of the city and the beginning of the main highway of Alexandria (another 
governorate regarded as the second capital of Egypt). The length of the project is 12812 m in 
each of the two directions as shown in Figures 4-1 and 4-2. The project planners, before 
execution, plan the estimated duration for each activity. Based on this estimation, the project 
duration is 56 weeks as shown in Figure 4-3. The main contractor is one of the biggest public 
companies in Egypt called Arab Contractors. This road has existed for many years; the main 
target of this project is to substitute the old one with a new road besides broadening the width 
of each of its two directions and the total width of the road is/will be? 17m.  
 Accordingly, the main purpose of the conducted field observation, which occurred through 
regular visits to the site, was to explore the application of the Project Management (PM) 
approach in reality. Through such observation, the occurring and potential weaknesses were 
taken into account, in order to emphasize and investigate the degree of importance of Lean 
Construction (LC) in highway projects. 
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The estimated total cost of this project is about 9,700,000 Euro. Around 7,500,000 Euro is 
dedicated to excavations, aggregate surfaces and paving surfaces, the remaining amount, 
2,200,000 Euro, is divided between pavement and landscaping. The estimated total duration of 
the project is eighteen months (from October 2015 to April 2017) according to data gathered 
from engineers from the technical office. This data is presented in GANTT chart in excel sheet 
Figure 4-3. This estimation was taken place by using the duration estimation tools as explained 
in PM chapter. The most important details of the case study are presented below, which were 
obtained by the PhD candidate and the main areas investigated.  
Accordingly, the main target is to provide details on the case study by responding to questions 
such as; What are the project's main activities? How do the engineers on site implement the 
shop-drawings as shown in Figure 1? What were the machines used? Why were these machines 
used in the project?  
 
Figure 4- 1: Layout of the project 
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Figure 4- 2: Elevation sheet for 10.225 km 
 
Figure 4- 3: GANTT diagram (site data) 
The traffic is moving as usual on the old road during construction (the extended part that is 
supposed to increase the width of the road). After paving the 1st layer of asphalt, they wait for 
24 hours before starting the normal traffic movement on it, and then the new extension 
substitutes the old road for traffic movement to give engineers and labour the opportunity to 
close the old one. The removal is justified by the fact that the preceding road is cracked (as 
shown in Figure 4-4) and they want to increase the quality of the project as a whole; taking into 
consideration that there are many trucks driving on it daily.  
The working hours of the project during weekdays are scheduled from 08:00 in the morning to 
17:00 in the evening including one hour for lunch. It is worth mentioning that the construction 
sector in Egypt takes only one day off on Saturdays. 
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Figure 4- 4: Cracks of the old road 
4.3 Field observation and data gathering  
In the following sections, the main activities of the project are demonstrated: the sequence of 
execution, the definition of each activity and the equipment used for each. The main purpose 
of displaying this is to provide detailed information about the real life activities and sub-
activities of the project, based on which the simulation used in this study is modeled. Through 
presenting the main findings of the field observation, the main obstacles faced during execution 
are put forward. These obstacles are used in the simulation as the wastes encountered in a real 
life project. In addition to observing the site activities, further information about the project 
planning and execution was gathered through documents provided by the engineers working 
under the contractor and through verbal communication with them. Such information has been 
necessary in order to have the data about each sub-activity through the oral communication 
with engineers, and through documents such as the shop-drawings and the time schedule of the 
project.  
4.3.1 Main activities of the project 
According to the oral communication with engineers and based on the field observation, this 
project is divided into the following activities: 
 Sub-base layer works 
Concerning the old road, the cracked asphalt layer, as previously explained, is first removed. 
The remaining thin layer of asphalt is then removed by the loader. The sub-base layer of the 
old road is used as a foundation for construction in this part of the road.  
For the new extension, they start with the excavation, then they put the aggregate for the sub-
base layer with a thickness of 15cm for each of the four layers; by extending and compacting 
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each layer. After putting the sub-base layer of the new extension, the activities are merged in 
both parts of the project (the old road and the new extension). 
 1st aggregate layer works 
From this stage, both the thickness and the material of layers will be the same for the old and 
the new extension. The same aggregate material will be used for this layer; providing a 
thickness of 35cm with a total width of the road of 17m.  
 2nd aggregate layer works  
After the previous activity the consultant inspects the levelling of the surface; if the inspection 
is approved, the 2nd aggregate layer begins with a thickness of 15cm for the whole width (17m) 
of the road. These activities (sub-base, 1st aggregate layer and 2nd aggregate layer) are important 
because they increase the density of the aggregate and decrease the air voids within the soil. 
This increases the compaction of layers resulting in better quality. 
After the 2nd aggregate layer, the floor is sprinkled with a material called MC (referring to 
Medium Curing). This material is composed of betomine (50%) and fuel gas (50%). On the 
one hand, Betomine is used to prevent the ground water from transferring to the surface of the 
road. On the other hand, gas is used to dilute it to make it a fluid so it can be placed easily.  
 1st Asphalt layer works 
The asphalt layers begin one day after MC sprinkling by 1st asphalt layer 7cm thick. Then 
another material called RC (referring to Rapid Curing) is sprinkled on top of the asphalt layer. 
This material has the same components as MC but with different percentage; RC consists of 
betomine (90%) and fuel gas (10%). For this composition with very high percentage, betomine 
is to work as an adhesive between the two asphalt layers. 
 2nd Asphalt layer works 
Normally, the 2nd asphalt layer activity begins after the RC sprinkle activity. It is important to 
note that this activity had not begun during the observation period (which ended on August 15th 
as previously mentioned). In addition, during the visit on site only the main activities (main 
activities are all the previously explained activities except MC and RC activities) were studied. 
The other activities (such as the removal of the old asphalt layers, MC and RC composition) 
were not studied as they were done after the working hours, during late night shifts. 
4.3.2 Equipment information 
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This section focuses on the machinery used to implement the project activities and sub-
activities. It is essential to note that this type of infrastructure projects depends mainly on the 
equipment and not on skilled (or non-skilled) labours as in the case of other kinds of projects 
(such as building or bridge projects). For this reason, it is necessary to demonstrate in details 
the different types of machines used for different purposes as shown in Figure 4-5.  
 
Figure 4- 5: Road project machines: (a) Grader, (b) Water sprinkler, (c) Paving finisher and 
(d) Double Drum Roller 
Secondly, Figure 4-6 shows the grader; the use of this machinery is similar to the next three 
machines in its usage, as all of them are used for the three following activities (sub-base, 1st 
aggregate layer and 2nd aggregate layer). The grader is used to spread the aggregate on the 
surface of the ground after the truck piles them in a mass on the ground. 
 
Figure 4- 6: Grader 
Thirdly, the water sprinkler shown in Figure 4-7. This machine worked on the three following 
activities (sub-base, 1st aggregate layer and 2nd aggregate layer). During the visit on site, the 
highest temperatures (up to 45 ⁰C) of the year were reached in Cairo: This high temperature, 
made the water sprinkler play an important role to assure adequate humidity in the ground. The 
importance of using water sprinkler during roads construction is to decrease the air voids in the 
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soil by increasing the humidity of the soil. This leads to strongly compacted layers and hence 
better quality.  
 
Figure 4- 7: Water sprinkle 
Figure 4-8 shows the single drum rollers, which are used to compact the aggregate surface and 
to vibrate the soil. This task decrease the air voids in the soil, especially after water sprinkle, 
the soil becomes well compacted. 
 
Figure 4- 8: Single drum rollers 
Figure 4-9 shows the equipment used to sprinkle the two different materials (MC and RC). MC 
is sprinkled after 2nd aggregate layer while RC is sprinkled after 1st asphalt layer.  
 
Figure 4- 9: MC & RC sprinkle machine 
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Figure 4-10 presents the paving finisher, which was used in two activities (1st and 2nd asphalt 
layers). At the beginning, the truck drops down the asphalt on the paving finisher as shown in 
the figure. For better quality, ideally, the asphalt’s temperature on the truck should be as high 
as 135 ⁰C and after dropping down the material the temperature should be around 125 ⁰C.  
 
Figure 4- 10: Paving finisher 
Figure 4-11 shows the double drum rollers. This machine is used also in two activities (1st and 
2nd asphalt layers) and compacts the asphalt without vibrating it.  
 
Figure 4- 11: Double drum rollers 
Table 4-1 shows the utilization of the machinery. In addition, Table 2 shows the used 
equipment of each sub-activity as observed on site 
Table 4- 1: Equipment used and their utilization 
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Table 4- 2: Resource for each sub-activity 
 
4.3.3 Obstacles on site and recommendations 
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The PM approach has been used in the construction field since the beginning of the industry. 
Accordingly, it is an easy to follow approach since the majority of engineers and workers are 
already familiar with its techniques and steps. When it comes to time planning one of the most 
important advantages of the PM approach is its tools that allow for time and risk planning; 
anticipating risks is one of its strength points. Despite so, as previously discussed there are 
problems that emerge while using this approach, which calls for an innovative solution; such 
as that provided through LC approach as argued. As highlighted, the researcher conducted the 
field observation with the main purpose of studying how the PM approach is applied in road 
projects in real life. Accordingly, demonstrating the weaknesses and obstacles that negatively 
affected the productivity in this project is the focus of this section. As previously mentioned, 
these obstacles are defined as wastes in the simulation modelling used in this study. 
To collect information about the duration of the sub-activities, site observations were done for 
30 days, four hours every day (six days a week). Each sub-activity under each activity was 
observed and its duration measured manually. In order to calculate the duration of each sub-
activity, the Value Adding (VA) activities durations were observed, taking into account that 
each machine has a minimum, a maximum and an average speed. Value Adding (VA) activities 
are the activities that add value to the project. This mainly refers to all the activities on the 
project necessary to reach the aspired final product [188], [164], [189], [190]. The speed of 
each machine was determined based on the observation while calculating the duration to finish 
the sub-activity work in a 200 meter road section with the different machines. In case of the 
Non-Value Adding (NVA) activities, three durations (minimum, maximum and average) were 
also observed during the manoeuvring of the machine. Non-Value Adding (NVA) activities are 
the activities that do not add value to the project, but they should be reduced as they are 
considered wastes [188], [164], [189], [190]. From the VA and NVA activities duration, the 
total durations were calculated for each sub-activity. The wasted time was not included in the 
time durations calculated. 
The first observed waste, W1 refers to the fact that working on the activity was finished but the 
following activity could not start right after. The reason goes back to the delay in inspecting 
the finished activities reflecting high dependency on the inspector’s comments, which affect 
the flow of work. Hence, this waste mainly refers to the time unnecessarily wasted during the 
inspection of an activity. For example, in several cases, after finishing one activity the work 
process stopped while waiting for the consultant to inspect the finished activity. During the site 
observation, this situation was detected and the consultant did not show up that day which led 
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to the following activity being postponed till the next day after inspection. Figure 4-12 shows 
an example of delayed work; in this figure the machinery stopped waiting for the inspection. 
One way to overcome this obstacle/cause of waste is by allowing the equipment to work in 
another section until the finished area or improving the coordination with the inspector. 
  
Figure 4- 12: Waiting for inspecting the finished activity 
The second observed waste, W2, refers to the machinery (DDR or Paving Finisher) was waiting 
the asphalt trucks arriving late. The problems behind the occurrence of this waste could be 
resolved using the Just In Time (JIT) concept, as demonstrated in Figure 4-13, where the paving 
finisher is shown waiting for the asphalt trucks arriving late. JIT concept is a tool mainly used 
to apply the pull principle; it is responsible for ensuring having the data, tasks or orders exactly 
when needed [192], [164], [157], [215]. The perfect occurrence is to deliver the material exactly 
on time, neither late nor early.  
The third waste, W3, refers to the machinery having shortage of its fuel gas wasting time for 
it; due to lack of maintenance. However, by applying maintenance and repair this problem can 
be eliminated. Despite the fact that maintenance and running out of gas are two different issues, 
both fall under the responsibility of the technical department and hence can be grouped into 
one category. 
The fourth waste, W4, refers to the transportation of the aggregate to the working area, for a 
distance farther than 5Km. This waste mainly refers to the long distance between the loading 
and unloading areas. The time duration of this waste is calculated per meter; minutes wasted 
per meter. 
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Figure 4- 13: Paving finisher waiting the asphalt trucks 
The fifth waste, W5, which refers to the machinery stopped for mechanical problems. This 
waste is similar to W3 because they occurred due to lack of maintenance and repair, as shown 
in Figure 4-14. In this figure, the grader had mechanical problems and the mechanic had to 
work to solve these problems. If there were application of Total Productive Maintenance 
(TPM) by continuous maintenance of machines, the machines improve their efficiency and put 
them to use according to their maximum potential. This occurs by enabling operators to 
maintain their machines [146], [8], [173], [234], [169].  
The sixth waste, W6, refers to double drum rollers running out of water as shown in Figure 4-
15. Double drum rollers, used to mash the surface of asphalt layers, need water on the drum 
during rolling to facilitate the mashing process. The problem that the machinery ran out of 
water was identified in the middle of the work activity and the water sprinkler needed to be 
used to refill it. The mechanical maintenance department should regularly check on the water 
in the double drum rollers to prevent this waste of time and cost. 
 
Figure 4- 14: Waiting for mechanical problems 
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Figure 4- 15: Double drum rollers filling with water 
The seventh waste, W7, refers to the paving finisher having to make two trips to pave the road 
with asphalt because of the width of the road. The paving finisher had to make two trips to 
pave the road with asphalt because of the lack of compatibility between the width of the road 
and that of the paving finisher. The time wasted during the two trips contributes to the overall 
delay in activities. 
The eighth waste, W8, refers to the asphalt truck waiting until the paving finisher pave the 
dropped down asphalt on it. The asphalt truck’s driver suddenly drops a significant amount of 
asphalt leading to a time gap between the moment when the asphalt was dropped and the time 
needed by the paving finisher to pave it. The time duration of this waste is calculated per meter; 
minutes wasted per meter. Table 4-3 shows the explanation of the previously explained eight 
wastes observed on the site visits. 
Table 4- 3: Wastes Explanations 
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4.4 Simulations explanation 
This section shows the explanation of the implementation of three simulations similar to the 
observed conditions in the real life project. The used assumptions in these simulations are 
demonstrated through the definition of different equations. The process of wastes elimination 
is defined and the inputs of time durations, for sub-activities and wastes, are demonstrated.  
The simulation was carried out by using the software Simio. This software is used to simulate 
any example based on the input inserted. One of its most important advantages is that it ensures 
accuracy of results by allowing a high number of replications; for example the researcher made 
600 replications. It is a studying version, 10th edition. The target of applying this simulation is 
to analyse the use of Project Management (PM) approach and Lean Construction (LC) in road 
construction projects. In order to make it as close as possible to real life projects, the data 
collected from the case study and the findings of the conducted field observation are used as 
input according to which the PM simulation is modelled. As aforementioned, the date collected 
from the road project studied include obstacles which are treated as wastes in this simulation. 
The same simulation is modelled then to apply Last Planner System tool with the intent to 
compare the application of Lean Construction to PM in the same project. It is important to note 
that two PM simulations and one LC simulation are modelled as explained in more details 
below.  Figure 4-16 is an illustration of the simulation software. 
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The comparative analysis developed through the three simulations explained below aims at 
highlighting how the application of LC in road projects leads to better results in terms of 
productivity and efficiency of accomplishing the project’s activities through efficient time 
management. The time durations, for each; the sub-activities and the wastes, are defined by 
random triangular functions based on observed information (different deviation of the mean 
values +-20%, +-10%, +-5% and 0%). 
- Simulation PM-EW, refers to Project Management with Expected Wastes: Inserting the 
maximum number assumed wastes for each sub-activity (theoretical assumption). 
- Simulation PM-OW, refers to Project Management with Observed Wastes: In this analysis, 
only the wastes observed on site are considered.  
- Simulation LC, refers to Lean Construction: The same assumptions in the previous 
simulation are considered. As in the PM-OW simulation, only the wastes observed on site 
are considered. The main difference with the preceding simulation is the application of the 
concept Last Planner System. 
 
 
Figure 4- 16: Simio software 
The next section introduces the processes done on the simulation to obtain the results. First, 
the assumptions are demonstrated; introducing general and specific assumptions for each of 
the three simulations. Second, the equations developed are demonstrated and explained. Then, 
the input data for every simulation is listed.  
4.5 Assumptions: 
The general assumptions of the three simulations (PM-EW, PM-OW and LC) are shown in 
Table 4-4. The studied road project in the simulations is divided into sections similar to the real 
life. Each section is 200 meters length and the total number of these sections is sixty four 
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sections. The previously mentioned activities and sub-activities are inserted in the three 
simulations. After finishing working on each sub-activity the following sub-activity starts by 
sequence. There is no overlapping between any two sub-activities. For every activity, the 
values of PPC and PAW are calculated. Each sub-activity needs one specific machinery to be 
executed. This applies to all except the sub-activities related to pouring asphalt, which need 
two machineries; paving finisher and asphalt truck. The time durations for each of the sub-
activities and the wastes are data collected during the site visits. The wastes are inserted in the 
simulations as delayed times; including wastes occurring during and/or after the execution of 
the sub-activities 
Table 4-5 shows the difference between PM simulations, PM-EW and PM-OW, and LC 
simulation. The difference between them is only the application of Last Planner System (LPS).  
The time durations, for each the sub-activities and the wastes, is kept the same for the three 
simulations. 
Table 4- 4: General assumptions for all simulations 
 
Table 4- 5: Specific assumptions for each simulation 
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4.6 Definition of parameters: 
Having presented the assumptions, which represent part of the input inserted to the simulations. 
It is crucial to explicate the parameters and their equations. Hence, this section is a 
demonstration of how the three simulations were implemented. Besides explaining the 
parameters and equations used, a sample of how the simulations work is given through 
displaying one of the activities as an example. 
Equation 1 is used for measuring the activity’s productivity on site. While equations 2 and 3 
are related to a new variable named Percentage Plan Complete (PPC) and Percentage Activity 
Waste (PAW), which are considered as outputs from the simulation for each activity. PPC is 
related to the efficiency of each activity on the project. While PAW is related to the 
identification of the percentage of the waste in each activity. Equation 4 is related to the process 
efficiency for each waste observed in the site visit. Process efficiency is used to differentiate 
between the wastes due to its times of occurrence. For illustrative purposes, an example for the 
calculation of the activity’s productivity applied on the 2nd Aggregate layer is presented below: 
Equation 2: 
𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑜𝑓 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝐼 𝑝𝑒𝑟 𝑤𝑒𝑒𝑘 (𝐴𝑠 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑) 𝑖𝑛 𝑆𝑖𝑚𝑖𝑜 𝑠𝑖𝑚𝑢𝑙𝑎𝑡𝑒𝑜𝑛 =
     [ ]
     [ ]# 
     
        [ ]# ∗   ( ) 
 ∗
7 ∗ 6 
# Random values with triangular distribution 
: PPC% =3 Equation 
 𝑂𝑐𝑐𝑢𝑟𝑟𝑒𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑜𝑛 𝑤𝑒𝑒𝑘 (𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑝𝑒𝑟 𝑤𝑒𝑒𝑘) (𝑓𝑜𝑟 𝑒𝑎𝑐ℎ 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦) ∗ 100
𝑃𝑙𝑎𝑛𝑛𝑒𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑜𝑛 𝑤𝑒𝑒𝑘 𝑧𝑒𝑟𝑜 (𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑝𝑒𝑟 𝑤𝑒𝑒𝑘) (𝑓𝑜𝑟 𝑒𝑎𝑐ℎ 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦)
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Equation 4: PAW% = 
     ∗
       
 
Equation 5: Process efficiency =     
    
 
 Example of application on 2nd Aggregate layer: 
- Analysed activities: ONLY the 2nd Aggregate layer. Total quantity= 120,000 m2 
- Analysed road project: 64 sections of 200ml 
- Thickness per layer = 15cm 
- Width per layer = 17m  
- Total duration of sub base layer activity: 42 weeks (project data) 
o Productivity for 2nd Aggregate layer as scheduled from the project information for 
all simulations (PM-EW, PM-OW and LC): 
Productivity per week (As scheduled from the project information) = 
,
= 2,857.14 m2/
 week  
o Productivity for 2nd Aggregate layer as observed in site visiting for simulation PM-
OW: 
Process efficiency (PE) for W1 = ∗ 100 = 89.74% 
Process efficiency (PE) for W4 = ∗ 100 = 100.00% 
Process efficiency (PE) for W5 = ∗ 100 = 28.21% 
Duration for unloading 2nd Aggregate layer per section (in hours) = Random triangular values 
(1.821, 3.125, 4.875) OVER number of machines used 
W4 during the unloading (in hours) = Random triangular values (15.150, 27.188, 43.200) 
W4 is per meter the random triangular values multiply by 
,
= 1,875 m2/section 
W4 multiplies by its process efficiency (PE), which is 100% 
Total duration for unloading 2nd Aggregate layer (in hours) = Summations of the duration 
values for the 64 sections  
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Duration for levelling 2nd Aggregate layer per section (in hours) = Random triangular values 
(0.650, 1.172, 1.875) OVER number of machines used 
W5 during the levelling (in hours) = Random triangular values (0.293, 0.367, 0.440) 
W5 multiplies by its process efficiency (PE), which is 28.21% 
W1 after the levelling (in hours) = Random triangular values (0.347, 3.575, 8.060) 
W1 multiplies by its process efficiency (PE), which is 89.74% 
Total duration for levelling 2nd Aggregate layer (in hours) = Summations of the duration 
values for the 64 sections  
Duration for water sprinkle 2nd Aggregate layer per section (in hours) = Random triangular 
values (1.750, 2.875, 4.500) OVER number of machines used 
W1 after the water sprinkle (in hours) = Random triangular values (0.347, 3.575, 8.060) 
W1 multiplies by its process efficiency (PE), which is 89.74% 
Total duration for water sprinkle 2nd Aggregate layer (in hours) = Summations of the 
duration values for the 64 sections  
Duration for compact 2nd Aggregate layer per section (in hours) = Random triangular values 
(2.375, 3.750, 5.625) OVER number of machines used 
W1 after the compact (in hours) = Random triangular values (0.347, 3.575, 8.060) 
W1 multiplies by its process efficiency (PE), which is 89.74% 
Total duration for compact 2nd Aggregate layer (in hours) = Summations of the duration 
values for the 64 sections  
Total duration for 2nd Aggregate layer for all sections (in hours) = Summations of the total 
duration values (with the wastes duration values) of all the sub-activities for the 64 sections  
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Productivity for 2nd Aggregate layer as observed in site visiting for simulation PM-OW 
as in equation 1 (per week) = 
     
           
∗ 7 ∗ 6 
PPC for 2nd Aggregate layer as in equation 2 (per week) = 
             
           
∗ 100 
PAW for 2nd Aggregate layer as in equation 3 = 
∗    ∗  ∗  ∗  ∗  
              
∗ 100 
4.7 Simulations input data 
The studied road project is divided into some categories as shown in Table 4-6. The whole 
project is identified as Mountain, which refers to something bulky or huge. This category is 
broken-down to sections from the first to the sixty-fourth section; referring to the total number 
of sections in the real life project. The sections are identified as Boulders. These sections are 
broken-down further into project activities, which is referred to as Rocks. The project activities 
are broken-down more into the smallest category – sub-activities, which is identified as 
Pebbles. Some scholars [119] illustrate dividing projects in this manner into the mentioned 
categories. Table 4-7 shows the wastes observed during the site visits and the maximum 
occurrence. 
Table 4- 6: Breakdown of the studied road project 
 
Table 4- 7: Wastes occurrence during every sub-activity (Observed and Assumed) 
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Table 4-8 shows the observed frequency of occurrence for each waste and the maximum 
number of occurrences. From this, data the percentage of occurrence of each waste was 
calculated. These percentages are multiplied by the wastes duration to get the actual duration 
time of each activity.   
Table 4- 8: Wastes times observed and maximum occurrence percentage 
 
4.8 Process for each waste elimination 
Table 4-9 shows the eight wastes that have been observed during the site-visiting period and 
their similarities in previous studies. The seventh and eighth wastes could not be found in the 
analyzed previous studies, due to their specificity. Meaning, the seventh waste refers to the 
paving finisher making two trips to pave the road with asphalt due to the lack of compatibility 
between the width of the road and that of the paving finisher. The eighth waste refers to a time 
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gap between the moment when the asphalt was dropped and the time needed by the paving 
finisher to pave it resulting from the driver’s rush to drop the asphalt too early. 
Table 4- 9: Wastes similarities on previous studies 
 
In the table below, Table 4-10, the tools used to eliminate the different types of wastes are 
demonstrated. Reaching the conclusion about which tool is best to use for each of the wastes 
is based on the reviewed literature also shown in Table 10. These tools are used to eliminate 
the wastes while at the same time applying the main tool; Last Planner System (LPS). By 
applying the principles of Last Planner System, which is mainly focusing on eliminating wastes 
before starting the required activity, the project efficiency improves. As shown, some wastes 
have been merged in the elimination process due to their similar nature that makes them fall 
under the same category.  
As shown in Table 10, W1, referring to wastes as a result of inspection delays, which come as 
a consequence of the lack of collaboration between stakeholders. The tool used to eliminate 
this type of waste is Integrated Project Delivery (IPD), as previously explained in the Literature 
review. However, it is worth noting that a direct link between inspection delays and IPD could 
not be found in the reviewed literature. W2 and W4 were merged because fall under the 
category of material transportation related wastes, and accordingly could be addressed using 
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the same tool – Just in Time (JIT). W3, W5 and W6 are all related to mechanical maintenance 
problems which result in machinery failure, and hence the same tool can be used to eliminate 
them – Total Productive maintenance (TPM). As previously explained, W7 and W8 are too 
specific and accordingly the researcher could not find the adequate tools to address them; they 
were also not mentioned in previous studies. 
Table 4- 10: Wastes modified based on previous studies (By using Lean tools) 
 
 
4.9 Duration Inputs 
In this section, it is intended to deliver the picture of how a real life project activities work in 
sequence and where exactly the different types of wastes occur. As shown in the tables 11-29 
below, the time average for each sub-activity and the wastes occurring in the middle of 
execution (or after) are demonstrated in sequence. This is applied for each of the three 
simulations as explained in section 4.3. The sections below are dedicated to explain the 
aforementioned inputs in the three simulations. In the first simulation, PM-EW, the maximum 
occurrence of wastes is displayed. In the second simulation, PM-OW, the observed wastes are 
shown. While in the third simulation, LC, the minimum wastes are demonstrated after applying 
Lean Construction tools as explained in the literature review. It is important to note that the 
upcoming sections show the inputs data inserted in each simulation, while the results of each 
simulation are demonstrated in details in the next chapter 
4.9.1 Simulation PM-EW 
Tables 4-11 to 4-18 show the time and wastes duration inserted as inputs in the simulation PM-
EW. The wastes durations are inserted where they are expected to most likely occur; within the 
time duration of the activity. The inputs are based on the maximum occurrence times of wastes 
as explained in section 4.3.3. These durations are represented as random triangle distributions 
(ranging with a deviation from the mean value of +-20%, +-10%, +-5% and 0%). Some wastes 
are inserted during the sub-activities and others are inserted after the activities depending on 
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where and when they occurred in the observed real life project. The reason why they are 
inserted this way is to assure that the simulation reproduces the observed reality on site. The 
total quantities of each activity are represented on these tables (the quantity unit is m2). For 
example, W4, referring to time wasted during the transportation of the aggregate to the working 
area, was observed during the unloading sub-activity. On the other hand, W1, inspection 
delays, occurred after the levelling sub-activity in the observed site, and hence was placed in 
the same manner in the simulation. 
Table 4- 11: Time and wastes duration Simulation PM-EW (Sub-base 1st and 2nd Layers 
filling with excavation material) 
 
Table 4- 12: Time and wastes duration Simulation PM-EW (Sub-base 3rd and 4th Layers 
filling with excavation material) 
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Table 4- 13: Time and wastes duration Simulation PM-EW (Sub-base 1st and 2nd Layers 
filling with outside material) 
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Table 4- 14: Time and wastes duration Simulation PM-EW (Sub-base 3rd and 4th Layers 
filling with outside material) 
 
Aggregate for the two Layers) stEW (1-Simulation PM: Time and wastes duration 15 -Table 4 
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Table 4- 16: Time and wastes duration Simulation PM-EW (2nd Aggregate and MC 
activities) 
 
Table 4- 17: Time and wastes duration Simulation PM-EW (1st Asphalt layer and RC 
activities) 
 
Table 4- 18: Time and wastes duration Simulation PM-EW (2nd Asphalt Layer) 
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4.9.2 Simulation PM-OW 
Table 4-19 to table 4-25 show the time and wastes duration inserted as inputs in the simulation 
PM-OW. The wastes durations are inserted where they are observed on site visits; within the 
time duration of the activity. The inputs are based on the observation time of wastes as 
explained in section 4.3.3. These durations are represented as random triangle distributions 
(ranging with a deviation from the mean value of +-20%, +-10%, +-5% and 0%). Some wastes 
are inserted during the sub-activities and others are inserted after the activities depending on 
where and when they occurred in the observed real life project. The reason why they are 
inserted this way is to assure that the simulation reproduces the observed reality on site. The 
total quantities of each activity are represented on these tables (the quantity unit is m2). For 
example, W4, referring to time wasted during the transportation of the aggregate to the working 
area, was observed during the unloading sub-activity. On the other hand, W1, inspection 
delays, occurred after the levelling sub-activity in the observed site, and hence was placed in 
the same manner in the simulation 
Table 4- 19: Time and wastes duration Simulation PM-OW (Sub-base 1st and 2nd Layers 
filling with excavation material) 
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Table 4- 20: Time and wastes duration Simulation PM-OW (Sub-base 3rd and 4th Layers 
filling with excavation material) 
 
Table 4- 21: Time and wastes duration Simulation PM-OW (Sub-base 1st and 2nd Layers 
filling with outside material) 
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Table 4- 22: Time and wastes duration Simulation PM-OW (Sub-base 3rd and 4th Layers 
filling with outside material) 
 
Table 4- 23: Time and wastes duration Simulation PM-OW (1st Aggregate for the two layers) 
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Table 4- 24: Time and wastes duration Simulation PM-OW (2nd Aggregate layer and MC 
activities) 
 
Asphalt layer, RC activities  stOW (1-: Time and wastes duration Simulation PM25 -Table 4
)Asphalt layer activities ndand 2 
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4.9.3 Simulation LC 
Table 4-26 to table 4-29 show the time and wastes duration inserted as inputs in the simulation 
LC. The wastes durations are inserted where they are expected to most likely occur; within the 
time duration of the activity. The inputs are based on the application of Lean Construction (LC) 
tools as explained in section 4.3.4. These durations are represented as random triangle 
distributions (ranging with a deviation from the mean value of +-20%, +-10%, +-5% and 0%).   
Table 4- 26: Time and wastes duration Simulation LC (Sub-base for the four layers filling 
with excavation material) 
 
Table 4- 27: Time and wastes duration Simulation LC (Sub-base for the four layers filling 
with outside material) 
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Table 4- 28: Time and wastes duration Simulation LC (1st Aggregate two layers, 2nd 
Aggregate and MC activities) 
 




In this chapter, the data of the studied road project and its use as input in the utilized 
simulation software has been explained. The simulation application stands on two main 
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pillars: the input data (time related input – activities and wastes durations – and materials 
quantity), and parameters equations. Accordingly, three applications of the simulation were 
developed in order to set base for comparative analysis between using PM and LC approaches 
in road projects. Hence, two simulations feature applying the PM approach; one running 
based on the expected wastes and the other based on the actual observed wastes. The third 
simulation only features applying the LC approach.  since there is no margin of difference 
between the expected and observed wastes in case of applying LC, as a result of wastes 
elimination under this approach. In light of the presented work, the following chapter 
addresses the results of the simulations, the analysis and implications of such findings.  
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CHAPTER 5 ANALYSIS RESULTS  
 Introduction 
In the previous chapter, the input of the three simulations were explained. This includes the 
information that were entered into the simulations regarding the time duration of each sub-
activity and waste (referring to time delays) duration that occurs during each one. In this 
chapter, the output that resulted from the simulations is explained, and analysed. The results 
displayed include:  a) Percentage Plan Complete (PPC); the value that reflects the performance 
of each activity with regards to the actual productivity divided by the expected productivity 
based on the data collected from the site. b) The results also include Percentage Activity Waste 
(PAW); introduced by the researcher to measure the extent to which the time waste duration 
affects each activity, by dividing the time waste duration for each by the Total duration of the 
same activity as presented below in equations 1, 2, 3 and 4. After demonstrating the mentioned 
results, analysis and discussion the implications and significance of the findings are included. 
Equation 6: 
𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑜𝑓 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝑖 𝑝𝑒𝑟 𝑤𝑒𝑒𝑘 (𝐴𝑠 𝑜𝑏𝑠𝑒𝑟𝑣𝑒𝑑) 𝑖𝑛 𝑆𝑖𝑚𝑖𝑜 𝑠𝑖𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛 [ ] =
     [ ]
     [ ]# 
     
        [ ]# ∗   ( ) 
 ∗
7 ∗ 6 𝑑𝑎𝑦𝑠/𝑤𝑒𝑒𝑘 
# Random values with triangular distribution 
: PPC% =7 Equation 
     (   ) (   )∗
     (    ) (   )
 
Equation 8: PAW% = 
     ∗
       
 
Equation 9: Process efficiency (PE) = 
    
    
 
5.2 Results 
The results of the road project activities analysis are presented below after applying the three 
simulations (Project Management for Expected Wastes PM-EW, Project Management for 
Observed Wastes PM-OW and Lean Construction LC). Every simulation is run 600 times to 
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increase the accuracy of the results. These results are summarized in tables 5-3 to 5-10 and 
figures 5-2 to 5-33.  
In order to reach the most accurate results, the researcher includes four standard deviation 
scenarios in each of the three simulations. The scenarios are based on random triangular 
distribution, where there is a minimum value, a maximum value and a mean [1], [112], [110], 
[175], [286]. In each of these scenarios, different minimum and maximum time duration values 
for the activities are introduced with the same mean value. This occurs by increasing the 
minimum and maximum values with the same percentage. The last (fourth) one ‘scenario 0%’ 
represents the values measured on site in the studied road project during the observation period. 
The other three scenarios assume gradual increases in the observed minimum and maximum 
values by ±5%, ±10% and ±20% while maintaining the same mean value. By doing this, the 
PhD candidate intends to be as much inclusive as possible to the potential scenarios that can 
occur in real life projects by presenting this wide range of variations in the minimum and 
maximum time values. This comes as a result of not being able to cover all the different 
variations in values during the site visits which lasted for one month not the whole project. 
Accordingly, as aforementioned scenario 0% represent the variation measured on site based on 
which the other scenarios are developed. Hence, the results that are based on these scenarios 
are as much accurate as possible.  
 
Figure 5- 1: The four scenarios used in the simulations for Unloading sub-activity  
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The following four scenarios were applied to the duration of each activity and waste, as shown 
in Figure 5-1; for each scenario the minimum, maximum and mean are displayed. For example 
in scenario 5%, the minimum value is 0.751 hours, the maximum value is 1.481 hours and the 
mean value is 1.085 hours; the same order of bars applies to the other scenarios. As noted the 
mean value in all four scenarios is the same due to the simultaneous increase in the minimum 
and maximum values. The figure demonstrates the scenarios for the unloading sub-activity 
under the activity sub-base first layer (filling with excavation material).  
a) Scenario ±20%; based on the actual measured values introduced in scenario 0%, the 
duration values are varied by 20% for the maximum and the minimum (Highest 
standard deviation). 
b) Scenario ±10%; based on the actual measured values introduced in scenario 0%, the 
duration values are varied by 10% for the maximum and the minimum. 
c) Scenario ±5%; based on the actual measured values introduced in scenario 0%, the 
duration values are varied by 5% for the maximum and the minimum. 
d) Scenario 0%: Minimum and maximum time duration values for activities measured 
during site visits (lowest standard deviation). 
The two main parameters studied are: (i) Percentage Plan Complete (PPC) [217], [85], [66], 
[219] and (ii) Percentage Activity Waste (PAW) – created by the PhD candidate. Every activity 
is summarised with one table (as shown below in tables 5-3 to 5-10); showing the percentage 
of the results of PPC and PAW. These parameters were analysed for each simulation (PM-EW, 
PM-OW and LC) based on all four scenarios; as previously explained, the time duration of the 
activities introduced in three scenarios are adjusted based on the actual information (values in 
the fourth scenario - scenario 0%) and updated with a statistical approach as explained above. 
The following graphs (from Figure 5-2 to Figure 5-33) are used to summarise the simulation 
of the activities; four graphs for each activity. These graphs include information and their 
analysis of (i) PPC and (ii) PAW.  
The value of each of the two parameters is separately calculated for each scenario in the 
simulation based on which the final Ratio between each scenario and scenario 0% is calculated 
as shown in Table 5-1 below. Table 5-1 explains how the Ratio between PPC value for each 
scenario and scenario 0% is obtained. Table 5-2 gives an example for calculating the ratio of 
the analysed PPC, for the activity Sub-base first layer (filling with excavation material). This 
applies to each of the three simulations for the two parameters. The results (ratio) for each 
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parameter (PPC and PAW) are calculated as the result of the value in each scenario over the 
value of scenario 0% (of the simulation PM-EW). For example, the value of PPC in simulation 
PM-OW, scenario 20% (9.2811%) is divided by the value of PPC in simulation PM-EW, 
scenario 0% (9.5654%) to obtain the PPC ratio (0.9703%). Each PPC value in the different 
scenarios and different simulations is divided by the same value used in the example (9.5654%) 
to analyse the PPC values. The choice of this specific value to use as a denominator in the 
process goes back to the fact that it is one of two possible values to occur in reality in the 
studied project (the other value is PM-OW, scenario 0%). The chosen value reflects the worst 
case of the two values related to the studied project since it refers to the expected wastes.  
Table 5- 1: Analysed equation for PPC ratios 
 
Table 5- 2: Sub-base first layer (filling with excavation material) example for analyzed PPC 
ratios 
 
The studied project activities are eight (the activities are named a and b) under four categories, 
the activities are as follows: 
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1. Sub-base Layer 
a. Sub-base layers based on filling with excavation material. 
b. Sub-base layers based on filling with external material. 
2. 1st and 2nd Aggregate Layer 
a. First aggregate layers. 
b. Second aggregate layer. 
3. MC sprinkle and 1st asphalt paving 
a. Medium Curing sprinkle (MC). 
b. First asphalt paving. 
4. RC sprinkle and 2nd asphalt paving 
a. Rapid Curing sprinkle (RC). 
b. Second asphalt paving. 
In the next sections, the detailed results for each of the mentioned activities and sub-activities 
are demonstrated. The three parameters’ results (PPC and PAW) are presented for each activity 
under each of the three simulations.  
In general, the values of PPC are very low because the planned productivity (obtained based 
on the site information) are optimistic compared to the actual productivity -observed on the site 
visited and are calculated based on the first equation). Additionally the values of PAW (this 
variable is created by PhD candidate) are high because the time wastes observed for the 
activities are very close in value to the total time of these activities. 
5.2.1 Sub-base Layers  
Figures 5-2 to 5-9 and Tables 5-3 and 5-4 show the results for the three variables PPC and 
PAW on each simulation PM-EW, PM-OW and LC. These values were for the two sub-base 
layers activities (filling with excavation material and filling with material from outside).  
 Sub-base Layers filling with excavation material 
The results for the sub-base layer filling with excavation material, concerning PPC and PAW, 
are shown in Table 5-3 and Figures 5-2 to 5-5, respectively.  
Table 5- 3: PPC and PAW for Sub-base layers filling with excavation material [%] 
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Figure 5- 2: PPC for the sub-base layer filling with excavation material 
 
Figure 5- 3: Analyzed PPC ratio for Sub-base layers filling with excavation material 
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Figure 5- 5: Analyzed PAW ratio for Sub-base layers filling with excavation material 
 Sub-base Layers filling with material not from the site 
The results for Sub-base layers filling with material that was not available on site, concerning 
PPC and PAW, are shown in Table 5-4 and Figures 5-6 to 5-9. 
Table 5- 4: PPC and PAW for Sub-base layers filling with material not from the site [%] 
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Figure 5- 7: Analyzed PPC ratio for Sub-base layers filling with material not from the site 
 
Figure 5- 8: PAW for Sub-base layers filling with material not from the site 
 
Figure 5- 9: Analyzed PAW ratio for Sub-base layers filling with material not from the site 
For the sub-base layer activities (filling with excavation material and filling with material not 
from the site) and for Simulations PM-OW and PM-EW, the values of PPC are less than 10% 
for the first activity and did not reach 17% for the second activity. This is illustrated by the fact 
that these two activities have high values of PAW, more than 80% for the first and more than 
90% for the second. From these results, it can be seen that the second activity (sub-base layers 
filling with material not from the site) has higher values of PPC, however, its PAW values are 
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is only 30% of the total material quantity (50,000 m2) of the first one. Moreover, the expected 
duration for the second activity is the same as the first activity, based on the planning done by 
engineers working on the project. This is regarded as an unrealistic expectation due to the 
different quantities of material required for each activity; here the time plan for both activities 
is the same despite requiring different material quantities.  
Results obtained by the PM approach (PM-OW and PM-EW) are very similar in terms of PPC 
because the wastes duration values are almost the same. This can be seen in the results of PAW; 
obtained by dividing time waste durations over the actual activity duration. It is essential to 
note here that the two mentioned simulations (PM-OW and PM-EW) refer to observed wastes 
and expected wastes respectively. The summation of the time waste duration values in these 
two simulations is also highly close, which led to an almost similar PAW value for both.  
By eliminating the wastes (Non-Value Adding activities, NVA) in the last simulation (LC), the 
results of PPC increase and the results of PAW are zero. However, the results of PPC in the 
first sub-base activity (filling with excavation material) are between 57.28% and 59.10% while 
the results of PPC in the second activity (filling with material not from the site) are between 
192.35% and 199.05%.  
5.2.2 First and Second Aggregate Layers 
Figures 5-10 to 5-17 and Tables 5-5 and 5-6 show the results for the two variables PPC and 
PAW in each of the three simulations PM-EW, PM-OW and LC. These values are for the two 
activities 1st and 2nd aggregate layer activities. 
 First Aggregate Layers 
The results for 1st aggregate layers, concerning PPC and PAW, are shown in Table 5-5 and 
Figures 5-10 to 5-13. 
Table 5- 5: PPC and PAW for 1st aggregate layers [%] 
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Figure 5- 10: PPC for 1st aggregate layers 
 
Figure 5- 11: Analyzed PPC ratio for 1st aggregate layers 
 
Figure 5- 12: PAW for 1st aggregate layers 
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 Second Aggregate Layer 
The results for 2nd aggregate layer, concerning PPC and PAW are shown in Table 5-6 and 
Figures 5-14 to 5-17. 
Table 5- 6: PPC and PAW for 2nd aggregate layer [%] 
 
 
Figure 5- 14: PPC for 2nd aggregate layer 
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Figure 5- 16: PAW for 2nd aggregate layer 
  
Figure 5- 17: Analyzed PAW ratio for 2nd aggregate layer 
For the two aggregate layers (1st and 2nd aggregate layers) similar results were obtained for the 
two activities; the values of PPC range between 34.31% and 37.28% for the first activity and 
53.24% and 57.26% for the second one, in the two PM simulations. This can be explained by 
the fact that these two activities have high PAW values; between 78.81% and 79.61% for first 
activity and between 77.02% and 77.88% for second one. From these results, it can be seen 
that the second activity (2nd aggregate layers) has higher values of PPC; despite the fact that 
the results of PAW are close in the two activities. The reason behind this is that the total 
material quantity of the second activity is 70% of the total quantity of the first one. Despite 
this, the expected duration for the second activity is same as the first activity. This is regarded 
as an unrealistic expectation due to the different quantities of material required for each 
activity. 
Results obtained in the PM approach (PM-OW and PM-EW) are very similar in terms of PPC 
because the wastes duration values are almost the same. This can be seen in the results of PAW; 
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note here that the two mentioned simulations (PM-OW and PM-EW) refer to observed wastes 
and expected wastes respectively. By eliminating the wastes in the Lean Construction (LC) 
simulation, the results of PPC increase and the results of PAW become zero. The results of 
PPC is between 169.68% and 175.62% for the first activity and between 240.53% and 248.86% 
for the second activity. As noted the values in the LC simulations are high due to the fact that 
in the PM simulations, the percentage of wastes in these activities is high, which is not the case 
in LC simulations since these wastes are eliminated. It is also worth mentioning that the value 
of PAW is high in the PM simulations and is zero in the LC simulations. 
5.2.3 MC sprinkle and First asphalt paving 
Figures 5-18 to 5-25 and Tables 5-7 and 5-8 show the results of the two variables PPC and 
PAW in each of the three simulations PM-EW, PM-OW and LC. These values are for the MC 
sprinkle and 1st asphalt paving activities. 
 MC sprinkle 
The results for MC sprinkle, concerning PPC and PAW, are shown in Table 5-7 and Figures 
5-18 to 5-21. 
Table 5- 7: PPC and PAW for MC sprinkle [%] 
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Figure 5- 19: Analyzed PPC ratio for MC sprinkle 
 
Figure 5- 20: PAW for MC sprinkle 
  
Figure 5- 21: Analyzed PAW ratio for MC sprinkle 
 First asphalt paving 
The results for 1st asphalt paving, concerning PPC and PAW, are shown in Table 5-8 and 
Figures 5-22 to 5-25. 
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Figure 5- 22: PPC for 1st asphalt paving 
 
Figure 5- 23: Analyzed PPC ratio for 1st asphalt paving 
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Figure 5- 25: Analyzed PAW ratio for 1st asphalt paving 
Regarding the two activities, MC sprinkle and First asphalt paving, as all other activities they 
were applied in Simulations PM-OW, PM-EW and LC. The results of PPC for MC sprinkle 
are very high before and after reducing the wastes. This is the case because the expected 
duration for this activity is much higher than the actual duration. While for the other activity, 
First asphalt paving, the PPC results are between 65.58% and 69.84% in the simulations PM-
EW, between 79.61% and 83.90% in the simulations PM-OW and between 92.94% and 
97.92% in the simulations LC. For the first two simulations (PM-OW and PM-EW), the results 
of PPC are between 65.58% and 83.90%, which is regarded as a high value, due to the fact that 
the percentage of wastes is low. It is also worth mentioning that the value of PAW is high in 
the PM simulations and is between 10.18% and 10.69% in the LC simulations. For the 
simulation LC, the results of PPC for the First asphalt paving activity increased to become 
between 92.94% and 97.92%. As noted the values in the LC simulations are high due to the 
fact that in the PM simulations, the percentage of wastes in these activities is high, which is not 
the case in LC simulations since these wastes are reduced. 
5.2.4 RC sprinkle and Second asphalt paving 
Figures 5-26 to 5-33 and Tables 5-9 and 5-10 show the results for the two variables PPC, PAW 
and on each simulation PM-EW, PM-OW and LC. These values were for the RC sprinkle and 
2nd asphalt paving activities. 
 RC sprinkle 
The results for RC sprinkle, concerning PPC and PAW, are shown in Table 5-9 and Figures 5-
26 to 5-29. 
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Figure 5- 26: PPC for RC sprinkle 
  
Figure 5- 27: Analyzed PPC ratio for RC sprinkle 
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Figure 5- 29: Analyzed PAW ratio for RC sprinkle 
 Second asphalt paving 
The results for 2nd asphalt paving, concerning PPC and PAW, are shown in Tables 5-10 and 
Figures 5-30 to 5-33. 
Table 5- 10: PPC and PAW for 2nd asphalt paving [%] 
 
 
Figure 5- 30: PPC for 2nd asphalt paving 
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Figure 5- 32: PAW for 2nd asphalt paving 
  
Figure 5- 33: Analyzed PAW ratio for 2nd asphalt paving 
Regarding the RC sprinkle and Second asphalt paving activities, when applied in the 
Simulations PM-OW, PM-EW and LC, similar results analysis emerged. The results of PPC 
for RC sprinkle is very high before and after reducing the wastes. This is due to the fact that 
the expected duration (duration values estimated by engineers on site) for this activity is much 
higher than the actual duration. While for the other activity, Second asphalt paving, PPC results 
are between 45.32% and 47.78% in the simulation PM-OW, between 39.92% and 42.37% in 
the simulation PM-EW and between 49.86% and 52.39% in the simulation LC. For the first 
three simulations, PM-EW, PM-OW and LC, the results of PPC are lower than 50% because 
the expected duration for this activity was very low. There is not high improvement after 
reducing some wastes in the Second asphalt paving; however, more improvement could be 
noted after reducing the same wastes in the First asphalt paving. The reason behind this is that 
the First asphalt paving’s total material quantity is lower by 60% of the Second asphalt paving’s 
total quantity. However, the First asphalt paving’s expected duration is 110% more than the 
Second asphalt paving’s expected duration. This is regarded as an unrealistic expectation due 
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activity (First asphalt paving) with less material is higher than the activity (Second asphalt 
paving) with more material. 
5.3 Analysis 
Scholars [284], [25], [136], [39], [48], [62], [251], [95] identified the results of Percentage Plan 
Complete (PPC) explaining the schedule performance. Higher values of PPC means higher 
productivity. For example, as shown in the findings,  in Sub-base layers filling with material 
that were not from the site the PPC values in LC simulation increased between 192.35% to 
199.05%, reflecting higher values than those in the PM simulation. It was stated that [103], 
[278], [139], [142], [129], [277], [236], [111], [121], [173], [147] the main aim for Lean 
Construction is avoiding wastes which lead to reducing the activity duration. In the first 
aggregate layers activity, after eliminating the wastes, the values of PPC increased between 
169.68% to 175.62% in LC simulation. Additionally, the PAW in this activity ranges between 
78.81% to 79.76% in the two PM simulations. This means, as scholars agree, that Lean 
Construction (LC) improves the process of eliminating the wastes from construction projects, 
which leads to increase in the productivity of each activity [103], [278], [139], [142], [129], 
[277], [236], [111], [121], [173], [147]. These improvements are shown in the values of PPC 
and PAW in all the studied project activities. Applied to all activities, the values of PPC in the 
LC simulation are higher than the PPC values in the PM simulations as demonstrated in the 
results. In contrast, the values of PAW in the LC simulation are lower than the PAW values in 
the PM simulations. The elimination of the wastes from the activity increases the values of 
PPC. This also results in a reduction of the final project duration. Consequently, the customer 
satisfaction increases as a result of reduced costs, higher quality and shorter total duration. The 
application of Lean Construction (LC) is based on the utilization of the lean tools (such as Last 
Planner System (LPS), Integrated Project Delivery (IPD), Total Productive Maintenance 
(TPM), etc.; the Lean Construction (LC) tools used in the study). These tools are used under 
Last Planner System (LPS), which is considered as a shield saving the project duration from 
the delays when used together with other tools. In other words, the reason behind the 
improvements in Lean Construction (LC) is its advanced tools which lead to overall 
improvements in time, cost and quality, [103], [278], [139], [142], [129], [277], [236], [111], 
[121], [173], [147], [284], [25], [136], [39], [48], [62], [251], [95], [1], [191], [196], [201], [2]. 
The results of PPC are calculated by using the Last Planner System (LPS) in the end of every 
week during the project execution. Additionally, the PhD candidate present a new variable –
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PAW- which can be used in real projects to determine the time wasted in each activity. The 
PAW values can be calculated with PPC values at the end of each week. 
5.4 Conclusion: Implications and Significance of the Findings 
The main objective of conducting this case study and applying the input to the utilized 
simulation software is to highlight the merits of using the Lean Construction approach in 
road projects. The research focuses on one of the iron triangle sides; time, regarded as 
highly impactful on the other two; quality and cost. After running the three different 
simulations, findings reveal how using Lean tools has a positive influence over time 
planning in road projects. This has been demonstrated through focusing on the results of 
the two parameters; PPC and PAW.  
The Rationale behind reflecting the results through these two parameters is how each 
relates to time planning of the different activities and sub-activities in the project. 
Percentage Plan Complete (PPC), on a weekly basis, reflects the efficiency of 
accomplishing each activity, productivity wise. In other words, it examines the accuracy 
of a time plan and its ability to detect potential wastes and eliminate them as stipulated by 
the Lean Construction approach. Percentage Activity Wastes (PAW), a parameter 
introduced by the researcher, which aims at detecting the percentage of time wasted during 
each activity. Through this parameter the effect of time wastes on the productivity in each 
activity is revealed. Hence, based on the findings demonstrated, the results of the two 
parameters support the essentiality of eliminating time wastes in order for productivity and 
efficiency to improve. Lean Construction emphasises on accurate planning of a project 
time schedule, mainly based on the elimination of wastes through utilizing specified Lean 
tools.  
Running three different simulations gave the researcher a comparative view between 
Project Management and Lean Construction approaches in light of the observed road 
project. The results from the simulation PM-EW is regarded as the poorest when judging 
time planning. This comes as a result of the findings showing PPC at its lowest levels in 
all activities, while PAW values are at their highest levels. Moderate values resulted from 
the simulation PM-OW, since the wastes in this simulation are less than the wastes in PM-
EW, leading to better results when it comes to PPC (higher) and PAW (lower). Findings 
show that the simulation LC achieves the best results when it comes to values of the two 
parameters; PPC reaching its highest value with PAW reaching its lowest values. In light 
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of the wastes observed on site, and based on the reviewed literature, the researcher 
highlights Lean Construction tools - IPD, JIT and TPM – each tackling different types of 
wastes leading to their elimination. Hence, the findings from the simulation LC support 
these results.  
Findings of this study support the statement that applying Lean Construction approach to 
road projects leads to tangible improvements in time planning. This is attained through 
addressing the root cause of the problem, in these case delays, by eliminating time wastes. 
The significance of this approach of management lies in its ability to predict the problem 
and avoid it through innovative tools designed specifically to address the different types 
of wastes. Applying this to the day-to-day site activities in road projects, boosting 
productivity and efficiency, reflects on the final result; the total project duration.  
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CHAPTER 4 CONCLUSION 
6.1 Introduction 
During the literature review phase, the PhD candidate was not able to find any comparison 
between Project Management (PM) approach and Lean Construction (LC) in an infrastructure 
project in previous studies. Accordingly, it is regarded as a research gap in the field addressing 
these topics. The aim of this research is exploring how different/similar PM and LC are when 
specifically applied to road projects, with the attempt to contribute to filling the research gap 
in this area. In this chapter the main conclusions of the research are presented through the 
summary of research findings. This is followed by displaying the most important contributions 
of this research to the academic body of knowledge and the construction industry. Accordingly, 
recommendations for the industry and for future studies are presented. Limitations of the study 
are also presented. 
 Summary of research findings 
Highlighting the merits of applying the Lean Construction approach in road projects has been 
one of the main objectives of conducting the case study in this research. Based on the reviewed 
literature, the study put forward the hypothesis that the application of Lean Construction (LC) 
improves the overall performance in road projects. The research focuses on one of the iron 
triangle sides; time, regarded as highly impactful on the other two; quality and cost. After 
running the three different simulations, findings support the research hypothesis by revealing 
how using Lean tools has a positive influence over time planning in road projects. It is essential 
to mention that the simulations input is based on data collected from the observed road project. 
The research hypothesis was tested through focusing on results from the two parameters; PPC 
and PAW.  
The simulation application stands on two main pillars: the input data (time related input – 
activities and wastes durations – and materials quantity), and parameters equations. 
Accordingly, three applications of the simulation were developed in order to set base for 
comparative analysis between using PM and LC approaches in road projects. Hence, two 
simulations feature applying the PM approach; one running based on the expected wastes and 
the other based on the actual observed wastes. The third simulation only features applying the 
LC approach, since there is no margin of difference between the expected and observed wastes 
in case of applying LC, as a result of wastes elimination under this approach.  
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The rationale behind reflecting the results through these two parameters is how each one relates 
to time planning of the different activities and sub-activities in the project. Percentage Plan 
Complete (PPC), on a weekly basis, reflects the efficiency of accomplishing each activity, 
productivity wise. In other words, it examines the accuracy of a time plan and its ability to 
detect potential wastes and eliminate them as stipulated by the Lean Construction approach. 
Percentage Activity Wastes (PAW), a parameter introduced by the researcher, which aims at 
detecting the percentage of time wasted during each activity. Through this parameter the effect 
of time wastes on the productivity in each activity is revealed.  
Hence, based on the findings demonstrated, the results of the PPC and the PAW support the 
essentiality of eliminating time wastes in order for productivity and efficiency to improve. Lean 
Construction emphasises on accurate planning of a project time schedule, mainly based on the 
elimination of wastes through utilizing specified Lean tools. 
Running three different simulations gave the researcher a comparative view between Project 
Management and Lean Construction approaches in light of the observed road project. The 
results from the simulation PM-EW are regarded as the poorest when judging time planning. 
This comes as a result of the findings showing PPC at its lowest levels in all activities, while 
PAW is at the highest levels. Moderate values resulted from the simulation PM-OW, since the 
wastes in this simulation are less than the wastes in PM-EW, leading to better results when it 
comes to PPC (higher) and PAW (lower). Findings show that the simulation LC achieves the 
best results when it comes to values of the two parameters; PPC reaching its highest value with 
PAW reaching its lowest values. In light of the wastes observed on site, and based on the 
reviewed literature, the researcher highlights Lean Construction tools - IPD, JIT and TPM – 
each tackling different types of wastes leading to their elimination. Hence, the findings from 
the simulation LC support these results.  
Findings of this study support the statement that applying Lean Construction approach to road 
projects leads to tangible improvements in time planning. This is attained through addressing 
the root cause of the problem, in this case delays, by eliminating time wastes. The significance 
of this approach of management lies in its ability to predict the problem and avoid it through 
innovative tools designed specifically to address the different types of wastes. Applying this to 
the day to day site activities in road projects, boosting productivity and efficiency, reflects on 
the final result; the total project duration. 
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Project Management (PM) approach focuses on analysing the risks that can take place in the 
construction projects. An example of these risks is the delay in the project duration. These risks 
are not the root of the problem, while the main issue is the huge number of different time 
wastes, eventually leading to the risks. Hence, eliminating these wastes will consequently 
eliminate the risks. The Project Management approach does provide the tools to analyse 
potential risks like project delay, however it does not address the root causes of such risks; the 
time wastes. Although, scholars [233], [271] emphasize that a project will be successful by 
managing the projects' risks, still the quantitative risk analysis is rarely developed in many 
construction projects. The reason behind this is that in order to conduct such analysis, 
experience and data from previous projects is necessary, which is unfortunately not available 
in many instances. Three main arguments all related to risk emerged from the PM literature 
analysis; how the PM approaches risk analysis, time management and stakeholders’ 
collaboration.   
The first  and most importance argument for the purpose of this study, is related to the PM not 
addressing the root causes of risks in real life projects as elaboratively explained in Chapter 2. 
Scholars [263], [151], [23], [164], [287] agree  that, thanks to the fact that it is nearly impossible 
to find two similar construction projects, the construction industry has a higher number of risks 
than other industries. The second argument is concerned with the time management tool the 
Project Management (PM) approach; Critical Path Method (CPM). This tool helps in managing 
risks through using time buffers for the different activities on the project as explained before. 
It is essential to highlight that in the planning phase risks are a possibility that might or might 
not occur. This means that introducing buffers to the different activities result in time wastes 
in case that the anticipated risks did not occur. The third argument is concerned with lack of 
stakeholders collaboration under the PM approach. As a result of this lack of collaboration, risk 
transfer is resorted to; transferring the responsibility of risk occurrence from one stakeholder 
to another as elaboratively explained in Chapter 2. These arguments are further explicated in 
the empirical part of the study through the case study observed through a real life project as 
presented.  
On the other hand, Lean Construction (LC) is regarded as a vital addition to the field as a 
potential solution to the many problems faced by construction projects. These problems 
eventually lead to an increase in the project’s total cost and final duration, accompanied by a 
decrease in the quality and productivity of the project activities. Lean Construction (LC) targets 
to eliminate the project waste and deliver the maximum value to the customer with the best 
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quality. This relatively new management concept requires the simultaneous use of Lean tools. 
Applying only one or two of these tools in the project means partial application of Lean 
Construction and may lead to the failure of the project. As demonstrated by this study’s 
findings, Lean Construction seeks to propose solutions that minimize the final duration and 
increase the productivity of road projects by implementing the relevant Lean tools.  
If Project Management (PM) approach is considered as an eye studying the construction project 
from a high point, then Lean Construction (LC) is regarded as an advanced lens that provide a 
far more accurate perspective.  
6.3 Contribution and future recommendations  
As aforementioned, this study is regarded as a contribution to the body of knowledge, 
considering that it presents a comparison between the PM approach and LC approach when 
applied to road projects. Based on the reviewed literature such comparative analysis, focusing 
on road projects is missing. A new variable, Percentage Activity Waste (PAW) is introduced 
in this study aiming at measuring the wastes duration in each activity in the project. 
Accordingly, the study invites academics and those in the industry of construction to consider 
project planning from a different perspective focusing on addressing root causes of the problem 
rather than only anticipating risks. Two conference papers were presented and published from 
this study (Elkherbawy, Lozano, Ramos & Turmo, 2018a1, Elkherbawy, Lozano, Ramos & 
Turmo, 2018b2) 
In light of the presented findings which support the positive impact of applying LC approach 
on time planning, the following recommendations are put forward: 
- Future studies: 
This study addresses time as one of three most essential factors in any project. Due to time 
limitation, the PhD candidate could not include cost and quality in the study. Accordingly, 
addressing these factors in a comparison between PM and LC approach is recommended for 
future research. As the case is with time, there are obstacles that stand in the way of efficiently 
planning for cost and quality in construction projects under the PM approach. Hence, 
investigating the impact of applying LC is important.  
                                                 
1 ELKHERBAWY, A., LOZANO, J. A., RAMOS, G., & TURMO, J. (2018). Comparison of project management and lean construction in a 
real road project. 
2 ELKHERBAWY, A., LOZANO, J. A., RAMOS, G., & TURMO, J. (2018). Lean construction in road projects. 
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Further, the study develops the comparison between the two approaches (PM and LC) when 
applied on road projects. Research investigating this comparison in other types of construction 
project needs to be developed.    
- Industry recommendations 
As previously highlighted, among the obstacles of integrating LC to construction projects is 
the fear of change and lack of knowledge. Accordingly, it is essential to: 
 conduct LC orientation and training programs to the policy and decision makers in order 
to spread knowledge about the approach 
 shed light on best practices; projects that successfully applied LC to motivate the 
stakeholders to adopt it 
 position LC as an innovative method of project planning that results in higher efficiency 
and productivity 
6.4 Research limitations 
- As aforementioned due to time limitation, the PhD candidate could not include cost and 
quality in the study. Integrating them to study requires a longer investigation period.  
- Some activities in the studied project (such as MC, RC sprinkles and 2nd Asphalt layers) 
were not observed. The reason for that is the fact that some activities were scheduled 
for the far future (after the observation period, which lasted for 30 days), and others 
were executed in times that were not convenient for the PhD candidate to attend.  
- Last Planner System (LPS) tool was used only theoretically – based on literature - in 
the study’s simulations due to time limitation. Results might differ with real 
implementation.     
6.5 Conclusion 
This research supports and demonstrates that the application of lean concept on infrastructure 
road projects decreases the project duration, increases productivity and decreases the 
percentage of the waste duration. These improvements eventually lead to an increased 
reliability between project stakeholders, resulting in customer satisfaction with the results 
regarding the project duration. 
Concerned with addressing the root causes of the problem, the PhD candidate introduced a new 
variable as previously mentioned; Percentage Activity Waste (PAW) is introduced in this study 
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aiming at measuring the waste duration in each activity in the project. As demonstrated, PAW 
can be used in future studies for its utility in reflecting the waste percentage by dividing the 
time wasted in an activity by the Total duration of the activity, and hence extracting the wasted 
time. This variable meets the main aim of lean concept; the elimination of wastes. PAW is an 
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